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Whenever you study life you come across a great diversity in form of 
sms. They, of course, live in a variety of environments. They have most of 
dy functions in common. All organisms support locomotion, reproduce, 
elop, they also maintain homeostasis. The body of all organisms is 
various systems performing their own specialized functions but none of 
erate without assistance from others. 
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` All organisms must maintain a constant internal fluid environment ta 
survive under varying external conditions. Thus during evolution of great variety í 


forms of living organisms, diverse mechanisms for maintaining homeostasis 
been evolved. 


2 


VDEIWONnVCVIVUAIDITFTUIURCUUUTUNSD 
pak 3 


tly even over a brief period of time. Temperature, acidity, salts, water, etc 
e of the external factors to which an organism must adjust in order to 
Meanwhile, each organism carries out certain activities, basic to life 
es such as nutrition, respiration, etc which may produce some unwanted 
. Thus organisms, in order to live, have to maintain a steady internal 
environment to face the harsh fluctuating external conditions. Biologists term the 
maintenance ofa steady state as homeostasis (Gr. to stay the same). It is defined as 
a set of regulatory mechanisms, which are involved in maintaining an organisms 
internal environment within suitable limits. The word environment réfers to the 
conditions in which an organism lives. Thus the pond water inhabited by an 
Amoeba is its environment. Similarly, tissue fluid and sap are théenvironments of 
higher animals and plants, respectively. From the tissue fluids, cells not only 
Teceive all the substances they need, but also release into’ it their unwanted 
‘Substances. Since the chemical composition of the tissue‘fluids is always subject 
to change, it must be kept constant or at least held at narrow limits if the cells 
continue to perform their vital activities. 


The important aspects of internal environmient that must be kept constant 
are osmoregulation (regulation of osmotic pressure of cell determined by the 
relative concentration of solutes and water); excretion (removal of excess 
Substances, unwanted or toxic metabolic by-products); and thermoregulation 
(regulation of temperature up to a tolerable'limit). 


Need for regulating internal.environment and control systems 
(concept of feed back): 


Negative feed back refers to opposite effect produced in relation to any 
in the body fluids. For example, as a consequence of eating sweets or 
the level of glucose is raised in the blood. It triggers the mechanism, which 
s the blood glucose back to normal limit. On the contrary, positive 
t refers to the series of similar effects produced, which leads to the 
of the change under consideration. For instance, in case of 
tion in warm blooded animals, increase in body temperature 

leads to further increase in temperature rather than 
it seems harmful, in many cases it is useful, 
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d of diffusion in whic 
lower concentration across the 


of water and solutes in the body: ; 
modynamically speaking, the potential energy of water inthe region of 
centration is greater than its potential energy in thaeeion of lowe 
n. The potential energy of water molecule can best ed as wate! 

enerally, it can be defined as the capacity of a living system to lose 
concentration of a solution is biologically expressed either as watel 

| (in case of plants) or osmotic pressure (in caseoranimals) which shows 

‘amount of water and solutes in a cell. 


When cells are in an aqueous environment of the same water pe era 
as that of the cell {isotonic solution) there is no net water moveme! it 
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Fig 1. 1( en the external water potential and 
that cell are the same... 


F Rrsrorrea to an environment at a less negative water potential 
|. pure water) hypotonic gain water by osmosis. 
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red to an environment at a more negative water potential 
moentrated sugar solution) hypertonic lose water by osmosis. 


The plasma membrane has crinkled up 


Net loss of water — me 
by osmosis 
Cell sap becomes -* Sa 
more concentrated 
Cell now flaccid 
Fig 1.1(c) When the external water potential is <> 


more negative than the water potential of the cell 


In case of plant cells, the water potential of cell sap (solution in vacuole) is 
termed as solute potential. If a plant cell is placed in pure¢water or solution of 
higher water potential than the solution in its vacuole, the water moves from 
outside to inside the cell (endosmosis) and ultimately into'the vacuole. As a result, 
the cell swells or becomes turgid. Such an external soluition is called hypotonic. 
Purther allowing the cell into such hypotonic medityn does not cause it to burst 
because the cell wall develops a tension causing“an internal hydrostatic pressure 
Or pressure potential due to which further uptake of water in cytoplasm is resisted 
and finally stops. On the contrary, if some‘animal cell is continuously placed in 
hypotonic solution, it bursts because the plasma membrane cannot resist the 
pressure potential. Thus within the bodies of higher animals, the tissue fluid is 
maintained at the same water potential}called isotonic, as the cell solution. 


When a plant cell is placed imconcentrated solution or hypertonic solution, 
there is a net movement of water Ott of the cell. As a result, the cell becomes flaccid. 
‘Under such condition, the cytoplasm with its plasma membrane shrinks from the 
cell wall. This condition is calléd plasmolysis. 


1.2.3 Osmoregulationin Plants: 


Depending upOn the availability of water to flowering plants in their natural 
habitat, they oa into four categories: 


i) Hydrophytes alophytes, iii) Mesophytes and iv) Xerophytes. 

il Hydrophytes: The plants (such as water lily), which are found in fresh- 
habitat either partly or completely submerged are termed as hydrophytes. 

do not have any difficulty in obtaining water. The stems and leaves of 


s generally lack cuticle. Their stomata are restricted on the upper 
f leaves in partially submerged Hydrophytes. 


ytes: The plants growing in salt marshes close to sea are termed as 
Some of the examples of halophytes are glasswort, cord-grass, etc. They 
rb water from such a soil, which has higher salt concentration and 
water potential (higher osmotic pressure). Halophytes cope with this 
absorbing salts into their roots. As a consequence, the cells of 
wer water potential which brings in water by osmosis. Thi 
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tored in cells or excreted out from:salt glands 
| by some species help them to trap water vapours |} 
g absorbed in liquid form by leaf cells. Therefore, this is an 
dditional water from the air. 
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Floating leaves, with long stalks (petioles) E se 


and almost circular blades (laminae) 


Stanning electron micrograph showing the 
large air spaces found in the stem and 
petioles of many water plants 


Stout rhizome rooted in 
the mud of the pond 


Fig: 1.2(a) The hydrophyte water lily 


Cordgrass (Spartina angelica) 
_ {sa succulent plant containing è 

tablished on th ofa 
-water storage cells established on the edge 


Fig: 1.2(b) Typical haloph ytes salt marsh channel 


yhytes:These are most of 
of temperate zones, 
watered soil. They 

te the water lost 


Mesophytes growing in high rainfall and 
condition face the problem of losing e 

as there is low rate of transpiration. 
may lose surplus water through spe 
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water proof external covering 


ytes: Plants living in d 
eserts, steep hills, etc eh ed 
of water. They are termed as 

. Under such conditions, water 
 atial of soil and air are very low. So the 
-ophytes have developed following 
ptations to conserve water and to survive 
during drought conditions. 


Fig 1.3 
Two desert succulents } 


I-Seed/ Spores as adaptations in life cycle during drought condition: 
[and plants produce seeds or spores dufing their life cycle. The 

protoplasms of these structures are quite concentfated and usually protected 

externally by hard coats and thus these structures remain viable for a considerable 

period of time. 

Il-Adaptation for balance between transpiration and water uptaké: 

a) Development of very deep vertical.réots for the better absorption of water 

p from the soil as seen in Acacia, Banyan, etc. 

Moj Other plants such as Cactihave superficial, horizontal roots which can 

absorb water before it evaporates from the soil. 


c) Reduction in number of stomata, Sunken type of stomata, development of 

“hairy epidermis, folding of leaves, reduction in size of lamina and 

modification into spires are some of the adaptations for reducing the rate of 
transpiration. 

d) Some plants store water in large parenchymatous cells present in stem or 
leaves. Such-plants are termed as succulents. As a result, the stem or 
leaves become juicy. 
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1.2.4 Osmoregulation in terrestrial and aquatic animals: a 

Mechanism of osmoregulation is also vefy important for all groups of animals 

"inhabiting land or water. Unlike plant cells, animal cells when placed in 

tonic solution burst due to the continuous absorption of water. On the posers 

Y Would shrink and die if constantly placed in hypertonic solute > 
uptake and loss of water are in balance for proper survival of cell. 


moregulation in terrestrial animals: z 
animals are more likely to lose water by ee ome only 
irfaces exposed to atmosphere. Among V Th 
Vertebrates became the most successful land dwellers. 1 


; Hel ; 
Tofstrategies to maintain osmoregulation of their body fl 


‘ings: To 
surfa 5 p prevent water loss throu; 
races, vertebrate like reptiles, birds and mammals have water proa ; 


ale Pouar and excretion of solid wastes: Reptiles, birds and insects ex 
c acid as nitrogenous waste, which is insoluble in water. It is stored tempo; 


in cloaca where water is reabsorbed from it before its removal from the body 
semi-fluid form. 
c) 


i 


Use of metabolic water: Some mammals like camel, kangaroo-rat ete 
make use of water produced during the break down of body fats. 


d) Storing the wastes: Mammals do retain some urea in their kidneys where 
it helps in reabsorption of water. 


2. Osmoregulation in aquatic (Fresh-water) animals: 


a) Osmoregulation by contractile vac 


uole: Fresliwater protoctists like 
Amoeba, Paramecium, etc. bear one or more 


membrahé“bound, tiny sac called 
contractile vacuole. Since such fresh-water protoétists have higher osmotic 


pressure than their surrounding water so the water constantly comes in by 
osmosis. If it is not regulated, the organism would burst. Therefore, the excess 


water is stored in contractile vacuole. After\.it is completely filled, water is 
discharged out of the cell through a pore intothe surrounding water. 


b) Osmoregulation by producing dilute urine: Fresh water animals like 
fishes have a hypertonic body fluids than the surrounding water. Thus they 
remove excess water by passing large-quantities of very dilute urine. During the 


excretion process, they lose some€sSential ions as well. However this is overcome 
by actively absorbing selected ions from outside, through gills. 


Fresh water bony fish 


Kidney glomeruli Salts 


Salts 
F large and numerous 


__ Kidney glomeruli 
| few and small 


A 
x sS i 
a) Excess water Isotonic urine | 
<) (nitrogenous waste: ammonia) (nitrogenous waste: urea water 
wy R and trimethylamine oxide) ; 
1.4(a) Summary of osmoregulation in Fig 1.4(b) Summary of osmoregulation in 
aiat bony fish such as a trout ry of 


a marine bony fish such as a mackerel 
3. Osmoregulation in aquatic (marine animals): 


Marine bony fishes have hypotonic internal environment so they are liable 
to lose water. Thus in order to conserve water, they constantly drink water. Thi 


salts taken in alongwith water are actively excreted by special excretory cells in tł 


gills. Moreover, the filtration rate in their kidneys is very low so small quan 
concentrated urine is excreted. 
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e invertebrates as well as hag-fishes have iso 


ave osmoregulatory mechanism. Such animals a tonic body fluids so they do not 


| , re termed as osmoconformers. 
= Unlike marine bony fishes, sharks and r: intai 
1 1 , ays i i 
hypertonic osmotic pressure of body fluids than thelr suroan Fe 
ncentration of urea in their bodies. Thus they do not have protien wot 
ess Salts are removed by special glands in their rectum. iain 


EXCRETION 


This aspect of homeostasis refers to the process of removal of metabolic 
wastes; excess substances such as salts, water, and toxic substances such as 
drugs from the body. However, in a restricted sense, it is the process of removal of 
nitrogenous metabolic wastes from the body of organism. Such wastes are formed 
as a consequence of proteins and nucleic acid metabolisms. 


1.3.1 Excretion in Plants: 


For a number of reasons, excretion in plants: does not pose serious 

problems. First, the rate of catabolic processes is much less than the animals of 
Same weight or mass. Thus metabolic wastes accumulate more slowly. Moreover, 
waste products of catabolism are used by green plants in their anabolic processes. 
Green plants do not excrete nitrogenous wastes, on the contrary they recycle 
breakdown products of nitrogen metabolism‘Secondly, the metabolism of plants is 
mostly carbohydrate based and its end-products CO2 and water are far less 
harmful than the nitrogenous wastes produced by protein metabolism in animals. 
As such plants do not possess any organ exclusively meant for excretion as in the 
case of animals. 

However, certain substances, which accumulate to levels in excess of plants 
needs, such as water, carbondioxide, oxygen and certain ions, are to be eliminated. 

Plants get rid of surplus water by losing it in vapour form which diffuse out 
through stomata. This process is known as transpiration. Some land plants exude 
water from points called hydathodes found at the margins and tip of leaves. This 
loss of water in liquid form is known as guttation. It is common in plants growing 
in tropical rain forests where rate of absorption is higher due to high rain fall and 
rate of transpiration is much low due to high humidity. 

Green’ plants, in light, release oxygen because rate of photosynthesis is 
much higher than the rate of respiration. At dark, plants release CO2 because 
respiration is going on whereas photosynthesis is not. 

Ions present in excessive concentration combine with organic compounds 
and are deposited in dead cells such as heartwood and bark or in the cells which 


are at the point of their death. 


3.2 Excretion in Animals: i i A om 
In the proceeding discussion we shall restrict the process of excretion 

stat Eiiuenous astabolic wastes. In different groups of animals, i 
s substances such as ammonia, urea, uric acid, creatinine © 


Se SS 


A e oxide, hypoxanthine, etc are produced as a conseque 
teins and nucleic acid metabolism. However, we will discuss the first th 


9 their higher toxicity. 
ER Excretory products and their corelation with habitat of 


Ammonia (NHs): It is a small gaseous molecule and is highly soluble in water 
can diffuse very rapidly across the plasma membrane even when dissolved 
water. This nitrogenous waste is highly toxic if remains in the organism. Its to: 

is reduced when diluted with large quantities of water. Excreting ammonia by aj 
animal is advantageous due to the reason that its diffusion is rapid across 
plasma membrane or body surface and also due to the fact that it does not requir 
energy. However, its removal requires a lot of water for its dilution. Therefore, it ig 
typically associated with aquatic animals particularly fresh water habitat. 


Proteins Nucleic acids 
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mona Urea Uric acid 
E- Fig 1.5 Nitrogenous wastes 


In soft bodied invertebrates, the entire body surf. is i in t 
loval of ammonia from the body. In fish, most “OF the seated a 
ia onium ions with kidneys playing a minor role in the ex 
wastes. 


rea is relatively less soluble in water and about 100, 
i ore, it can be tolerated by an animal in n 
| ar s such as mammals, who can 
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mbines NH: n additior 


cai) PEN : bony fishes aeea urea. 


Itis relatively larger molecule wi lability 
; t with extremely | ibility 
eee e sa eet Substance. Thus further abio pE fake 

its tallization of urates. Formation of uric acid requires ATP, Th 
of uric acid is discharged either in the form of thick paste oras ‘solid 


po “uric acid is excreted by terrestrial animals i 
EF rial é such as birds, many reptiles 
i ga stropods, etc who need to minimize loss of water and have ae pee | 


~~ 
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2. Excretion in Hydra, Planaria, Earth worm and Cockroach: 
QY 


Excretion in Hydra: ~a 


In Hydra nitrogenous waste is in the form of ammoniaSAlmost all the cells of 
Hydra are in direct contact with water, so ammonia is reod by simple diffusion 
from the external surface as well as internal surface int6the external and internal 
water of gastrovascular cavity. 


Excretion in Planaria: 


Free-living flatworms like Planaria<have 
developed a tubular excretory system. In‘Planaria 
the excretory system (Fig:1.6) consi§ts’ of two 
longitudinal, branching tubules _4r) excretory 
canals lying on either lateral side‘and extending 
along the entire length of the animal. Each tubule 
Opens to the external surface ofthe animal by many 
excretory pores. Internally,“ the mesenchyme 
each tubule gives rise numerous blind bulb-like 


— Exeretory pore 


Excretory canal 


g flame (hence called flame 
ith ammonia diffuse from the 
o the lumen of flame cells. The 
g of cilia propels this solution into the 
ory canal where it is to be excreted out by Fig 1.6 Flame-cell austen 
tory pores. During the movement of excretory of Planaria 

water is being reabsorbed if required by the 

l], and the rest of the excretory fluid (urine) is passed out in the form of 
solution. Thus it seems that flame cell functions mainly in 
and most metabolic wastes are removed from body surface or 
gut where they are removed through the mouth alongwith the 
However, in some parasitic flatworms, which are isotonic to the 
hosts, the flame cell perform excretion of nitrogenous wastes. _ 


Earthworms have combined excretory and osmoregulatory : 
etanephridia, which are arranged segmentally, Each metanephridium 
highly coiled tubule immersed in coelomic fluid and surrounded by a nety 

capillaries. It is opened at both the ends. Its internal opening called nephro 
which lies in the coelom is a ciliated funnel like structure. While the exte 
minute opening or nephridiopore opens outside in the skin. The coiled tubular 
dilates finally to form a bladder before opening to outside through nephridi 
Due to the beating of cilia of nephrostome, coelomic fluid is sucked into ¢ 
excretory tubule. Some excretory substances are also secreted by cells of th, 
tubule. Here selective re-absorption of useful substances also occurs, which are 
taken back by the blood into the circulation. Finally, the excretory fluid (urine) i 
emptied in the bladder, which excrete it outside through nephridiopore: 


Fig 1.7 Metanephrdia of an earthworm 


Nephridiopore Nephrostome 
Excretion in Cockroach: 
Cockroach andéther insects have 


excretory system which consists of long, 
thin, blind tub called malpighian 
which arise from the 
idgut and hindgut. 
ian tubules are immersed in the 
haemolymph (fluid of body cavity). Cells 
malpighian tubules absorb the 
wastes alongwith some useful 
present in haemolymph. In 
part of the tubule, selective 
of useful substances occur Fig 1.8 Excretory system of Cock: 
cid is discharged into the rectum, Rectum stores uric acid fo 
and water so the uric acid becomes almost dry and 


Hind gut 


d a broader sen 
oducts, excess salts an 

ns in man as well as o Er ETET, 
. These organs play 
sis in the body. 

ys maintain osmore 


, gulation and eliminate ni wasi 
and excess water. Liver excretes nitrogenous aata PI rate 


A wastes, bile pi n 
in excretes salts’ and some other substances alongwith sweat GOENA 
tion. 


Liver—an important homeostatic organ: 


Bs Liver is a large reddish brown glandular organ located in thes ; j 
Pl the diaphragm. It is a metabolic centre than it is ri es Stier ae 
blood. A sac-like gall bladder is attached with it for the storageof bile secreted by 
liver. Bile is poured into the duodenum by commun bile duct “Rest of its products 
are released into the blood through hepatic vein. 


Although liver performs hundreds of functiong-Wwe are restricting here to 
some ofits main homeostatic functions. 


Metabolism of carbohydrates and lipids: It maintains concentration of glucose 
in the blood. If glucose is in excess it is converted\into glycogen and stored here. At 
the time of shortage of glucose in blood, glyedgen is broken down into glucose and 
Supplied to the body. If glycogen store is depleted, then amino acids may converted 
into glucose by the liver. It removes lipids ‘from the blood either by oxidation or by 
Modification and subsequently stores as fat. It can also synthesizes non-essential 
amino acids, as well as plasma proteins like prothrombin, fibrin, globulin etc. 


Deamination and urea formation: The body cannot store excess proteins or 
amino acids so any excess‘Amount of amino acid is broken down. First 
deamination, i.e. removalof amino group takes place (Fig: 1.9). Amino group 
(NH2) is converted into*ammonia while rest of the residual of amino group is 
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Amino acid Ammonia Ornithine cycle 


Nhs CO, 
H0 
Citruline : 
omitht Nhs The highly toxic ammonia 
rnithine then reacts with carbon 
Deamination Smithing cycle Ho dioxide from respiration to 
“~ formurea (omithine cycle). 
Remains of eal 
amino acid H0 
Urea 
CO(Nha) 


Fig 1.9 The Fate of surplus amino acids in the body 
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e salts are involved in the emulsification of fats in smallintestine, 


$ 
n: It can modify the structure of many drugs andşpøison to mal 
. For instance, hydrogen peroxide, a by-product.of many chemic 
is a highly toxic substance. It is broken down to hydro en and oxygen b 
e, catalase, which is present in high concentration.in the cells of liver, 
f cholestrol: Cholestrol is chiefly synthesizéd here and if in exce: 
bile. Its excess amount in gall bladder‘ean precipitate to form 
ly lead to jaundice. : 
ition: Due to its efficient blood supply, large size and high metabolic 
important role in maintaining body temperature. 


mins: Liver stores a number of vitamins such as A, B, D. 
y system of man: 


System of man (Fig: 1-10) consists of a pair of bean-shaped org 
s, a pair of ducts ed ureters which arise from each kidn 
-like organ the ry bladder and a tube called urethra w 
bladder and e urine outside the body. The bladder ent 
asphincter valve, hich controls release of urine from the bladder. _ 


Nephrons 
(two types) 
Left adrenal gland 
Left renal vein 
Left renal artery 


capsule 
Cortex 
Medula 


A longitudinal section of kidney shows that it i 

consists of isti 
regions; an outer darker region, the cortex and an innner tighter Vesna ane 
medulla. The medulla consists of many cone shaped structures called pyramids 
Urine is dropped continuously from the tips of pyramids into funnel shaped spaces 


called pelvis of the ureter. 


Nephron: Each kidney is composed of about a million microscopic tubules or 
nephrons. It is regarded as structural and functional unit ‘of kidney, which 
performs osmoregulation as well as excretion. 


Each nephron begins with a spherical structure called malpighian body. It 
lies in the cortex of kidney. Malpighian body is composed of cup-like Bowman's 
capsule. Inside this cup lies a dense network of capillaries known as glomerulus. 


The Bowman's capsule 
gives out a coiled tubule known 
as proximal convoluted 
tubule. It lies in the cortex 
tegion. A network of capillaries 
is also attached with proximal 
convoluted tubule. The 
proximal convoluted tubule 
narrows and descends down 
into the medulla, makes. a, U- 
turn and comes back in the 
cortex. This narrow.\ U-shape 
part of tubule is known as loop 
of Henle. Thus. it has a 
descending and,an ascending 
limb. The ascending limb of the 
loop of Henle becomes larger in 
diameter in the cortex and 
forms a coil called distal 
convoluted tubule. The distal 
onvoluted tubule finally opens 
acommon collecting duct. 
latter receives urine from a 
mber of nephrons and drains 
the pelvis of the kidney. 


Bowman's capsule 


Glomerulus Proximal convoluted 
= ae" tubule 
a i 


Afferent arteriole 
from penabartery 


1 Peritubular 
capillaries 


Efferent arteriole 


from glomerulus mi 
g! fJ IÍ} > Distal convoluted 
j| tubule 


| in 
elf 
\ L Collecting duct 
Descendins | 


limb | | 
Ea 
Loop of Henle Ascending 
limb | 
Vasa recta R 
| 
| 
WY 
Fig 1.11 


Structure of nephron with its blood supply 


lood supply to the glomerulus of a nephron begins as an afferent arteriole, 
from renal arteriole. From the glomerulus, blood is carried by the 


b 


nt arteriole into two capillary networks. One of the network called peri 7 
capillaries is associated with proximal and distal convulated tubules while the othe 
one called vasa recta runs straight parallel besides the limbs of the loop of Henle, 

Regulatory functions of kidney: 


The kidney performs regulatory functions by different processes, f 
filtration, reabsorption, tubular secretions and counter current exchange. The Se 
processes are carried on at the level of each nephron. i 


It has been calculated that about 1100 to 2000 liters of blood flows through the kidney 
each day. The nephrons and collecting ducts processes about 180 liters of filtrate, but 
the kidneys excrete only about 1-2 liters of urine. The rest of the filtrate is reabsorbed 
into the blood. 


i) Ultra filtration: In the first stage non-selective, ultra filtration (filtration at 


molecular level) of blood occurs while passing through the*glomerulus of thei 


malpighian body. Two factors are responsible for this ultrafiltration. Both the 
capillary walls of glomerulus and the walls of Bowman's.capsule are sieve-like in 
nature, which permit all the molecules except plasma proteins and blood cells to 
pass through them. Blood pressure in glomerulus is high because the diameter of 
efferent arteriole is much less than that of afferent arteriole. Thus a hydrostatic 


pressure is generated which forces the smaller molecules of blood from glomerulus 
into the Bowman's capsule. 


ii) Reabsorption: Active reabsorption of the glomerular filtrate occurs in the 
proximal convoluted tubule, so a large “amount of filtrate is reabsorbed and 
returned to circulation. Here glucoseamino acids, water, salts are reabsorbed. 


Reabsorption of water also occurs when the filtrate from the proximal | 


convoluted tubule passes down‘nto the descending limb of the loop of Henle. Itis 
permeable to water and sodium but almost impermeable to any solutes. Unlike the 
descending limb, the ascending limb is impermeable to water. Here reabsorption of 
sodium and chloride ions takes place through active transport. Sodium and 


chloride ions move out of filtrate and enter into the interstitial fluid where they are i 
taken up by blood. The fluid that leaves the ascending limb and collected by distal © 


convoluted tubule is slightly hypotonic to the blood plasma. In the distal — 


convoluted tubule concentration of various salts is adjusted under the influence of 
hormones. The-filtrate being almost urine now is passed into the collecting duct 
where the concentration of water in the filtrate is finally adjusted. 


iii) Tubular secretion: At the level of both proximal as well as distal convoluted 
tubules, some poisonous substances as well as nitrogenous substances such as 
ammonia, urea, uric acid, creatinine are secreted from the blood directly into the 
filtrate by active transport. Nitrogenous wastes added in this way are actualy” 
those molecules, which escaped the filtration in glomeruli. Hydrogen and 
Ammonium ions secretion from the interstitial fluid into the distal convoluted 
tubule plays important role in the maintenance of acid-base balance in the blood. ~ 

iv) _Counter-current exchange: There are two counter-current syste 
operating in the medulla which are involved in the exchange of solutes pee 
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The other counter current system is composed of vasa recta, the blood 
vessels that run parallel to the loop of Henle, only about 1% of the blood that flows 
through the kidney passes through the vasa recta at a very slowerspeed. The blood 
supply to vasa recta provides sufficient nourishment and oxygen to the cells of 
medulla and also takes away the water absorbed from the filtrate, without affecting 
the concentration gradient of medulla. 


Adaptations of Kidney and effect of hormones omits working: 


Structure of kidneys is adapted to the natural habitat of animals. For 
example, mammals that must conserve water do so by passing more concentrated 
urine. The degree of concentration of areal 
urine is determined by the length of patianu i ei 
the loop of Henle. Generally longer nephron 

| length of the loop of Henle causes 
higher concentration of salts in the 
medulla which is ultimately related 
to higher rate of exosmosis of water 
from the collecting duct thereby 
more concentrating the urine. 


This is supported by the 
presence of two types. of nephrons; 
ie. cortical nephron and juxta- 
medullary nephrons in the kidney. 
Cortical nephron has short loop of 
Henle with a slight extension into the 
medulla On the contrary, 
ju nephron has longer 
pa »p of Henle extending deep into the 

nedulla. Thus greater the demand of 

conserving water, the greater would 
the number of juxta-medullary Fig 1.12 

‘ons in the kidney. Cortical and juxta-medullary nephrons 


of hormones on the working of kidney: 


sermeability of the walls of the collecting ducts to water is regulated by 
hormone (ADH) or vasopressin. It is secreted by posterior pituitary 


Renal cortex 


Renal medulla 


x gland in response to increased osm 
_ condition). Due to the presence of AD 


duct is increased. 


otic pressure of the blood (i.e. deh; 
H, the reabsorption of water in the colle 


The concentration of sodium ions in the body fluids is con 
hormone called aldosterone secreted by a 
reabsorption of sodium ions in the nephron. Simil 
ions in the blood is controlled by parathormone se 


increases the reabsorption of calcium ions in nephron. 


Composition ofurine and variation in the composition an 


It has been estimated that 
the urine contains about 95% 
water and 5% solids. The average 
values of various substances per 
100 cm? are summarized in the 
table. 


The analysis of composition 
of urine sample is an important 
medical procedure in diagnosis of 
various metabolic disorders, 
infections, pregnancy and kidney 
diseases. For example, when 
glucose appears in urine, it may be 
asymptom of diabetes. _ 


Components 


Water 

Proteins 

Glucose 

Urea 

Creatinine 
Ammonia 

Uric acid 

Sodium 

€hlorides 

(Ca, Mg, K, PO, SO) 
pH 


Kidney as osmoregulatory and excretory organ: 


Kidneys play vitalrole in osmoregulation as well as excr 


tory role is regulated by ADH rele 
ehydration condition. The reabsorpti 


influence of ADH. The excretory role of kidney has been 


wastes. Its osmore 
pituitary gland the 
increases under 
discussed earlier, 


o Æ xp: Y PROBLEMS AND THEIR REMEDIES 


1. Kidney stones: 


trolled by anoth 


drenal cortex. i 
arly the concentration of calei 
creted by parathyroid gland, 


dits significance; 


Composition 
(concentrations/ 100cm?) 


etion of nitrogenous 
ased from posterio 
on of water in kidne 


It increases 


95.00 
00.00 
00.00 
02.00 
0.3-0.70 
0.3-0.70 
0.30 
0.30 
0.60 
0.47 
5.00 


‘ao í 
2. Renal failure: 

i Itis a condition in which there is a red 
aeaee E P enana excrete them in urine, for osmoregulation 

nd! regul > essure, As a consequence the nitrogenous wast 
accumulating in the blood which leads to the symptoms such a nausea. E 
loss of appetite, weakness, breathlessness etc. In severe cases, it leads to coma and 
death. Associated complications may include pneumonia, bleeding in the 
stomach, high blood pressure etc. 


Dialysis: 

It is a technique used to remove waste products from the blood and excess 
fluids from the body as a treatment for renal failure.There are two methods of a 
dialysis i.e. haemodialysis and peritoneal dialysis. 


Haemodialysis makes use of kidney machine or an artificial kidney 
containing a fluid of carefully adjusted composition (the dialysate). During 
haemodialysis, the blood from the body is pumped repeatedly through a tube of 
partially permeable membrane bathed in ‘dialysate. While passing through the 
dialysis machine, the nitrogenous wastes and excess salts are diffused out from 
the blood into the dialysate through thé dialysis membrane. Thereafter the blood is 
returned to the circulation. It goes‘on for 6-10 hours and three times a week under 
strict regulation of diet and proper fluid intake. 


Peritoneal dialysis requires an abdominal incision which is done in the 
hospital. Through the incision a catheter is inserted into the peritoneal cavity. 
Dialysate from a bag attached to the catheter passes into the cavity where it is left 

_ for several hours. As “a? consequence, wastes from the blood vessels lining the 
peritoneal cavity seep through the perifoneal membrane into the cavity and mixes 
with mpy dialyse bag is then allowed to drain out through the catheter and into 


uction in the ability of the kidneys to 


the empty dialysate bag. The process takes about an hour and is repeated during 
_ the day or overnight. 
_ Kidney transplant: 
In young patients having kidney failure, transplantation of a healthy kidney 
will be accepted by the body and function normally is preferable to dialysis as 
m solution. It is a surgical procedure and successful in 80% of the cases. 


i THERMOREGULATION i 
i the maintenance of body temperature within a range that enables the 


ion effeciently. The normal temperature range for active life is 10 °C to 
of the organisms. The temperature influences directly upon the 


well as metabolism of cells. 
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1.5.1 Adaptations of plants to low and high temperature: 


Low temperature: Low ` 
: temperature aff i ur f 
of plant cell. It is ultimatel p e affects the fluid nature of plasma men 


y related to affect the transport of solutes ai 
ila Under such conditions the plants cells increase the proporti 
Saturated fatty acids which prevent crystal formation. The low temperaty 
the level of freezing point causes ice crystal formation in cell. This is avoided b 
plants inhabiting cold regions by developing freezing tolerance in which 
composition of solutes of cell is altered in a way that ice crystals are formed in 4 


cell wall rather than the cytosol. The cytosol is super cooled below the freezin 
point without the formation ofice. 


High temperature: High temperature is more harmful than low temperature sing 
enzymes are denatured, which is disastrous for metabolism. The-principal wayi 
cool down the plant in this situation is transpiration, i.e. €vaporation of wate 
mainly through stomata. At 40°C or above, most of the plant.cells synthesize h 
shock proteins that protect enzymes and other proteing from denaturing due 
higher temperature. In addition to these mechanisms plants have some other wi 
of avoiding overheating such as shiny cuticle, a smalleaf surface area, wilting, ete, 


1.5.2 Thermoregulation in animals: 
Sources of body heat gain and heat loss: 


internally. Externally, heat is obtained either directly from solar radiation 
indirectly by radiation, convection and conduction from the environment whichin 


turn is warmed by solar radiation. Internally, heat is obtained as a by-productof | 
metabolism and muscular contractions. 


Organisms obtain heat energy from-two basic sources i.e. externally and | 


Organisms lose heat by radiation, conduction and convection from theif 
surfaces and through evaporation of water. 


1.5.3 Ectothermic and Endothermic animals: 


Animals canbe divided into two categories on the basis of their thermal 
characteristics; Poikilotherms (cold blooded) and Homoiotherms (warm blooded). 


Poikilotherm (Gr. having variable temperature) are those animals whosé 
body temperature changes in accordance with the fluctuations of th 
environm temperature. All invertebrates, fishes, amphibia and most reptile 
fall into this category. Homoiotherms (Gr. having the same temperature) are thos 
’ animals who have constant body temperature which is independent of the environmen t. 


However, both of these terms have been discarded because number l 
kilotherms maintain a constant body temperature. In contrast the bo 
‘ature of homoiotherm is not always, constant. Under the circumstances 
poikilotherms and homoiotherms have been replaced by ectotherm 
herms, respectively. 
s are those animals who absorb heat energy from t 

instance lizards basking in the sun. They have 
‘Endotherms are those that generate their 
al as well as behavioural means of thermo! 


N 
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go he “tepid that generate heat of varyin; = 
temperature is kept er range. Bats, humming birds, et Fallon 
1.5.4 Means of thermoregulation in animals: mire 
discussed earli i i 
ote a. Eaton: as ean ome bis temperature either by their 
Bee eres Doe rigoral acs piece physiology. Thus, thermoregulation 
oT O telly oe eee involves some behavioural means 
l nal. For , Many animal: i 
loss by changing their location. They will basik in TEN erates sack mes 


find wet, cool area or burrow in summer: or mi 
; ; grate to a more comfi i 
Allectotherms employ behavioural means of thermoregulation e 


ii) Physiological regulation: It involves the regulation of bod; 

; ? l: in tem tu: 
some physiological means. It is exhibited by slight change in the Woda 
pattern, change in the rate of metabolism, cooling by evaporative heat loss and 
activation of certain muscles. It is one of the characteristics ofendotherms. 


THERMOREGULATION IN MAMMALS (MAÑ) 


The basal metabolism of the body generates.héat in endotherms including 
birds and mammals, that maintain high bodytemperature within the range 
of 36-43°C (mammals 36-38°C ; birds 41-43°C ). In maintaining the body 
temperature they have to regulate the heat loss /-heat conservation also. 


There are two ways to increase heat production; viz. shivering 
thermogenesis and nonshivering thermogenesis. Shivering thermogenesis is the 
heat production by means of increasing contraction of muscles through shivering. 
On the contrary, nonshivering thermogenesis occurs due to the action of certain 
hormones. In some mammals, yet*there is another unique way of thermogenesis 
due to a specialized tissue called brown fat, found in the neck and between the 
shoulders, that is specialized for rapid heat production. 


S so their body 
this group. 


1.6.1 Mechanisms of thermoregulation in cold temperature: 


1. Physiological mechanisms: 

(a) Nonshivering thermogenesis: 

i) Erection of hair: Hairs are raised to an almost vertical position due to the 
contraction oferector pili muscles in the skin. 

In furry animals, the hair in vertical position can trap a thick layer of 
stationary air next to the skin. Due to this heat loss from the skin is reduced. n 
ii wards skin: The heat is transported by the 
blood on ee Shee the narrowing of the arteriole or 


3 lood is supplied towards the body surface 
O E oe ee ee eed in the limbs than in the rest 


dy. i y 
Subcutane ulation: In mammals, fat is stored in adipose 
w the puat T Sa heat conductor so it serves as a means of 
heat. This is particularly very important for the survival of aquatic 
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‘Mammals like , Whales, walrus, etc. However, in terrestri 
remain active es season, fats are primarily stored as rese: 

(b) Shivering thermogenesis: 


3 In cold condition, the muscle tone, initially under nervous control, teng 
rise. If the cold continues shivering begins which generate heat in muscles. U; 
persistant cooler conditions, the basal metabolic rate is raised in short term by ¢ 


secretion of hormone adrenaline and in longer term by the secretion of anoth 
hormone, thyroxine. 


2. Behavioural mechanism: 


Behavioural mechanisms include moving to a warmer location, huddlip 
close together with other individuals; in humans putting on additional clothes. 


1.6.2 Mechanisms of thermoregulation in hot temperature: 
1. Physiological mechanisms: 


The physiological mechanisms involve lowering the hairs which reduces the 
insulating effect. Also there is a reduction in subcutaneous fat. In case excess 
hot temperature evaporative cooling occurs in mostofthe mammals by means of 
secreting sweat from the sweat glands in the skin)To promote heat loss, vaso= 
dilation of arterioles of skin occurs so more blood flows towards the body surface, 
Some mammals that do not have sweat glands-in skin or scanty glands in skin, 
perform panting. It is an efficient method oflosing heat from the mouth, tongue 
and respiratory passage. Moreover, the metabolic rate of the body is decreased so 
less heat is generated by the body. 

2. Behavioural mechanisms: 


Behavioural means like moving to a cooler location, use of thin clothes, ett 
are also employed. 


1.6.3 Role of brain in temperature regulation: 


Hypothalamus is the part of brain, which has thermoregulatory centre. Itis 
commonly called as thermostat of the body switching on and off heat loss or hi 
_ conservation mechanisms. The hypothalamus receives impulses fr 

ermoreceptors present in skin and the deep body tissues and it also senses tht 

erature ood flowing through the brain. The hypothalamus is set at! 

erature called set point. Any change in the body temperaturi 

the set point is detected by the hypothalamus and instructions 

propriate organs to bring the body temperature back to normal. This 

meostatic system, which is facilitated by feedback mechanism, In 

ature, the hypothalamus shuts down the heat saving mechanis 

raporative cooling, panting and vaso-dilations. On the contrary, 

e, it inhibits heat loss mechanisms and activates heat s 
cilitating heat-generating mechanisms. 

ia is defined as body temperature above normal set 

i t of bacterial or viral infection or 

equence of the activity of m; 
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Homeostasis is a set of 
n sta regulato: i 
kairit be nurki Ty mechanisms, whi i i 
(0) ce ganism's internal environment withid a eatae be 
smoregulation i gan 
gul 7 excretion arid | thermoresulati 7 
homeostasis. gulation are aspects of 


osmoregulation. 


O thes cre ok eta of water to flowering plantgin their natural 
> ivided into four cat ies: 
Mecophytes end Xerophytes, ategories; Hydrophytes, Halophytes, 


Removal of metabolic wastes, excess substances and excess water is called 
excretion. 
Excretion in plants does not pose any serious problems. 


Ammonia, urea, uric acid, creatinine andthypoxanthine, etc., are excretory 
products in different groups of animals. 


Kidneys, liver and skin are the excretory organs in vertebrates. 

Each kidney is composed of microscopic units called nephrons. 

ADH, aldosterone and parathormone influence the working of kidneys. 
Kidney is important in osmoregulation and excretion. 


Most of the renal calculiare chemically calcium oxalates or phosphates. 


Encircle the most correct choice: 


i) The capacity ofa living system to lose water is 
a) Osmotic pressure b) Water potential 
c) Osmosis d) Plasmolysis 
ii) The net movement of molecules remains in equilibrium when a cell is 
placed in. 
a) Hypotonic solution b) Hypertonic solution 


c) Isotonic solution d) None of these 


iv) 


v) 


vi) 


vii) 


viii) 


E 


— O z ALTS 
its growing in salt marshes are termed as xA 
a) Hydrophytes b)Halophytes c) Mesophytes d) Xerop 


Plant cells, when constantly placed in hypotonic solution 
burst because of the presence of 


a) Vacuole b) Plastids c) Cell wall d) Glyoxysom 


Plants get rid of surplus water by losing it in vapour form by pro 
called 


a) Osmosis b) Guttation c) Transpiration d) Excretion 
Enzymes are protected at high temperature by 


A) Ice crystals b) Super cooling a 
c) Freezing tolerance d) Heat shock proteins. x Q 3 
Itis not a way ofobtaining heat by organism Ñ 
a) Solar radiation b) Metabolism 
c) Muscle contraction d) Sweating. 3. 
It does not happen during regulation of cold temperature 
a) Sweating b) Shivering 
c) Vaso constriction d) Subcutaneous fat accumulation 
The process of removal of metabolic wastes is called 
a) Homeostasis b)’excretion 
c) Osmoregulation a) Thermoregulation 
The excretory organs of afnelids are 
a)Flame cells eoricphsidia c)kidneys d) Liver 
The hormone involved in the reabosorption of water from kidneysis 
a) Aldosterone») b) Parathormone 
c) ADH sA * d) None ofthese 
The mi Rbundant component of urine is 
a) U b) Water c) Ammonia d) Uric acid 4 
N of the following is called “thermostat” of the body? 
a) Pituitary gland b) Hypothalmus 


ney d)Adranl gland 3 k 
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tailed answers of the following questions: 
v: _ Discuss categorization of plants based on osmoregulation. 


What is excretion? How d: 
and Cockroach? oes it occur in Hydra, Planaria, Earth-worm 


iii) Explain urinary system of man with illustrations 
iv) Describe the regulatory functions of kidney. 
v) How does thermoregulation occur in mammals? 
vi) Discuss excretion in plants. 
vi) Draw a neat and labeled diagram of human excretory system. 
viii) Explain common kidney problems and their remedies, 
ix) Discuss the homeostatic functions of liver 


3. Write short answers of the following questions: 


i) Why plant cell does not burst even if placed constantly in hypotonic 
solution? 

ii) Why hydrophytes do not have cuticleon stem or leaves? 

iii) Marine Protozoa do not have contractile vacuole, Why? 

iv) Define various aspects of homeostasis. 

v) Define positive and negative feed backs with examples. 

vi) Enlist osmoregulatory-adaptations in terrestrial animals. 


vii) Enlist homeostatic functions of liver. 
viii) Draw the chart ofornithine (urea cycle) cycle. 


` xi) State the nameés and effects of hormones on kidney. 
x) Define renatfailure and kidney stones. 
xi) Define féad back. Differentiate between negative and positive feed back. 


xii) | Whyexcretion does not pose problem in plants? 


4. Definethe following terms: 
i) Water potential ii) Osmotic pressure iii) Hydathodes 
iv) Halophytes v) Ectotherms vi) Fever 

5. Distinguish between the following: 

i) Hydrophytes and xerophytes 

ii) Protonephridia and Metanephridia 

iii) Ectotherms therms and Endotherms. 


3 
ies 


Living organisms mostly respond to stimuli by exhibiting, some kind 
movement or locomotion. This chapter explains the ways of support in plants a™ 
animals. Moreover, different types of movement and locomotion are also discussa 
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Shelter and _ reprod 
tal stil in different 


In living organisms movement can occur at cellular le 
cytoplasmic streaming (cyclosis) and swimmin 
movement of limbs and heart. Plants show cellul. 
not locomote in search of food. They are usu 
response of light, gravity and water. 


As the animals or plants grow in size they nee support to maintain their 
shape and posture to stand erect for having balanced, fast and rhythmic 
movement. In terrestrial organisms, the needof.support is much pronounced 
because air does not provide support like water. 


Support is provided by; 

2 Skeletal system in animals-ij€7 exo, endo and hydrostatic skeleton. 
oa Mechanical tissues with thick cell-walls in woody parts of plant. 
ao Turgidity in soft parts of plants. 


D for example 
g of gametes,.at-organ level like 
ar and orgarimovement. They do 
ally capable“of slow movement in 


SUPPORT IN PLANTS 


The body of higher<plant can be divided into two major parts, the root and 
the shoot. These two parts are distinguished on the basis of their specialized 
morphological and physiological characteristics. They both have many tissues 
which are growing»throughout the entire axis and keep their body erect, they 
Tequire some supporting tissues and materials. These tissues and materials are 
present in all s of their body e.g. root, stem branches and leaves. 

k Yo tem has special type of anatomical arrangement, which also helps 
n supporting plant. The outermost layer of thin walled cells called epidermis. 
ions beneath epidermis are generally called cortex and the central portion 
ed stele, which mainly consist of vascular tissues and some soft tissues. This 
e of stem depends for its mechanical support on the following tissues: 
i) Thin walled parenchyma-having turgidity. z 
ii) Thick walled living tissues like collenchyma and dead tissues like 
= sclerenchyma. s 
Stele as cylindrical core of vascular bundles. 
a kind of simple tissue found in the epidermis, cortex 


ely unspecialized vegetative cells. The whole body of L 


b; 
g 
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plants (Bryophytes) is made 
up of these tissues. They 
usually have thin primary 
walls but no secondary ib) 
walls. They have a large 
central vacuole surrounded 
na = a layer of lost Tesh nes 
oplasm. They are loosel -—-. i f 
packed with NRM jie, R f 
spaces in leaves and green 
herbaceous stem. They 
contain chloroplasts 
therefore photosynthesis E 
largely occurs in these cells, k 
They take in water by 
endosmosis and become JULA 
„extended, these extended Aad Be SS 
parenchyma are turgid, 


Epidermis 


Branch 


exert an internal pressure (sprouted ay ¥ Leal NW 
called turgor pressure. Due "8"! bud) Gai _ Xylem 
Epidetmis 


to this turgor pressure these 
parts remain firm and rigid. ox 
If these cells lose water, they g > 


Vascular 
cambium 


also lose turgidity, which 
causes wilting in 
herbaceous stem and \yscularbia “ae 
leaves. - Therefore, these 

turgid parenchyma are #ig?2.1 The structure of a young dicot stem showing 

: ‘epidermis, cortex, vascular bundles and cambium ring. 

rtant for support and ¢\_*? 

impo: pp & 


(a) Young dicot stem (b) T.S of sunflower stem 
shape of the soft plant. (c) Vascular bundles of sunflower stem. 


Vascular cambium 
Xylem 


ox 
() S555 


Vascular bundle 


Collenchyma is another type of simple tissue, which is important to pro vid 
support in plants. TheVare also living tissues, more elongated structurally similart 
parenchyma exce at their walls are irregularly thickened. The thickened area i 
usually more p. ent at edges. They function as an important supporting tissue 
young plant e stem of non-woody older plants and in leaves. 

x Sclerenchyma another type of supporting tissues. They are sim 
fundamental dead tissues. They have uniformly thick, heavily lignified seconda 
walls, which give strength to the plant body. Often these walls are so thick thatt 

| n of the cell becomes nearly vanished. Scelerenchyma cells. are two ty pe 

rs 
sclereids. 
: are very elongated cells with tapered ends. They are ti 
t flexible while selereids are variable, often irregular in shape. T. 
d sclereids are generally called stone cells, they are r 


of 


sport of water and dirsslved in 
| Vessels (Tracheae) are Ji 


iced end 
tylem ac 


Sclerenchyma cells id6the fibers a 5 
f A } 
rope. Other type salty cells ishel 
gritty texture of peal. eee 


y 


plete poms 
walls of 
sel elemtents 


; ‘found in the xylem ees walls maki eo ; 
sake xylem acting as apne making traeheids spin 
Organic salts, Porting tissues in addition 


to end forming asi REN! have no t 
ting like trachgifiene ransverse walls 


Pipe line, They are also fou 


used for making 
ing of Peach Pits and 


fs id Walls of vessel 
-i nis 


S pi 


“Tracheids 


ıt) The structure of xylem Fig: 2.2(b) The structure of phloem 
sels, tracheids, SibgGicells showing sieve tube, companion cell 
O and fibres. 


ry tissu d their significance: 


ry tissues are those which are formed by the activity of lateral 
pium and cork cambium during secondary growth which 

ber of vascular plants (spermopsids). It occurs in all 

is Ma y dicot angiosperms undergo secondary growth but very few 


bium first appears between the primary xylem and primary 

form initials (fascicular cambium). 
of each medullar ray, lying in line with fusiform initials 
to form interfascicular cambium. The two cambium combine 
tic tissue called vascular cambium. 7 a 


formed. 


zaen 
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“SUPPORT AND MO 
n ondary growth, the primary epidermis splits, dries and fa 
exposed tissues and to increase in diameter cork cambium (phello 
ses in the cortex. À 
Cork cambium or phellogen appears when the layers of hypodermal 
regain the power of division to form a ring of meristematic tissue. Cork-camb 
cuts off new tissues inside called secondary cortex or phelloderm. The cells ¢ 
off outside are rectangular and arranged in radial rows. They have waxy depo 
of suberin and become dead, they are called cork tissue or phellem. Th 
functions as a barrier and protects the stem from physical damage and 
pathogens. It also prevents from water loss. 


__In older trees 
many chemical and 
physical changes Secondary phloem — 
occur in the rings of _ Primary phloem 
xylem towards the Vascular cambium — 
center of stem. The Tet es = 
conducting cells Epidermis 
become blocked, Cork cambiu 
parenchyma cell die Bork 
while pigment, resin, ‘ 
tannins and gums are at Cortex, 


deposited. When these Heart 
changes take place, iy 
xylem becomes non- i \ 
functional for 
transport and emerges 
as strong supportive 
component of tree. The 
part of ring where 
these changes have <S 
occurred is known a Ez 
heart-wood where 2 
the outer part of ting 
ich contains 
rative; oung 
main 
pa Fig: 2.3 
constitute Secondary growth in a dicot stem i 
„Only youngest secondary phloem functions in sugar transport. 


Primary phloem 


cork, is a spongy region in the bark, with loosely 
ese masses of loose cells, through w 
areknownaslenticels, 


as A m mM A. 


f 


need of more "i 
provides the ee minerals and food 


e parenchymat i : 
w the damaged surface of stem and ymatous tissues are rapidly formed 
. tounite the gr aft with the plant. root. Callus also develops during grafting 


Annual rings: 


The plants of temperate regi 
t egion acc i 
concentric layers every year and called meer Pei yiee LERE 


Each annual ring consists of tw i 

: o zones, the inner zone of spri 
summer-wood having larger vessels and an outer zone of veer ae oF 
autumn-wood having smaller vessels. ye ae 


A fairly accurate estimate of a; Y 

i j of age of an old tree can bemade b i 
annual rings. Study of the rings of large sample of very old tree can also pie 
the climate of an area. Tree ring dating have been used in archeological studies. 


Xylem _- Phen 
\ 


Late 


\— Cork 


Fig: 2.4 Tree rings showing 
secondary wood and.cork cambium 
A 
Se 
y MO NT IN PLANTS 
Plantitiovements occur in response to certain stimuli, because movementis 


defined as any action taken by living organs to reduce its irritability produced by 
iy hi S Stimulus is the change in environment either external or internal which 


the living organism by developing irritation in their protoplasm. A stimulus 
al, it may be replied with a prompt or delayed response. 


be diffused or direction 


Types of movement in plants: 
On the basis of stimuli, there are two main types of movement found in 


Autonomic or spontaneous movement 


| 
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ac ` Autonomic or spontaneous movement: 


i Movement which occur due to internal stimuli, factors inherent inside 
plant body itself are known as autonomic or spontaneous moveme; 
Autonomic movements are of following types. 


i) Growth and curvature movement: 


Advantageous changes in the form and shape of plants or plant organs d: 
to the differences in the ratio of growth of different parts are called growth 
curvature movement. These movements are due to unequal growth on two side 


plant organs like; stem, root, tendrils, buds, leaves etc. There are two type ot 
growth movement. 


i ee 


(a) Nutation: The growth in the apex of young stem takes place imzig zag manner 
due to an alternate change in growth rate on opposite side of theapex, this type of 
Movement is called nutation. A nutation movement may be cir¢umnutation when 
apex makes rotational growth around its long axis e.g novement of climber 
around the rope as found in railway creeper. 


(b) Nastic movement: Movement that occurs due sto’ differences in the rate of 
growth on two opposite sides of a plant organ. Opening of the petals and circinately 


coiled leaves of fern are good example of nastic movement. When movement occurs | 
) due to faster growth on the upper side ofithe organ is known as epinastic 


movement and when it occurs due to faster. growth on lower surface of the growing 
organ, itis known as hyponastic movement. 
(ii) Turgor movement: 


Movement that occurs duto change in the turgidity and size of cells as a 
result of loss or gain of water called turgor movement. 


2. Paratonic or Inducéd movement: 
Movements which*occur due to external stimuli are known as induced or 

paratonic movements, They may be tropic or nastic. The external stimuli which 

cause these movements may be light, temperature, water, chemicals, gravity etc. 

i) Tropic movement: (Directional movement) 

Tropi or tropic movement are growth responses that result in curvatures — 
of whole plant organs towards or away from stimuli. It is derived from a Greek word 
tropos means ‘turn’, = = eee . 

Movement caused due to external stimuli coming from one side, controlled - 
by the direction of stimulus, respond in the form of growth of curvature in o 
direction called tropic movement. It is commonly found in radially symmetri 
organs of plant such as root and stem. On the basis of stimuli following are t 

bà types of tropic movement found in plants. 

Soi, : = light, tropos = turn): It is a curvature m 
a) _Phototropiam (photo -ligh ie t coming only from one d 

takes place when plant is exposed to igh seat 


motropism (Chemo = chemical 
: » tropos = A 
caused due to chemical for example pale ire Chemotropism is the 
ovary due to chemical stimulus. © grows through the style 
_Hydrotropism: (Hydro = water, tropos = 4 
in response of water stimulus called Ee A 
ts in curvature of the organ due to unequal growth on its IAEE nk This also 
y hydrotropic. o sid@s: Roots are 


Thigmotropism (Thigmos = touch, tro = Pe oot 

(e) 5 ó pos = turn): Thi tropi i 
curvature movement of plant in response to touch Bi ie It Son bebe ae in 
twinner and climbers. When they touch the solid object the growth on the opposite 


side of contact increases and the tendrils coiled around the support. 


ü) Nastic movement (Non-directional movement): 


k _ The term nastic movement is used for the movement which is unrelated to 

i direction of stimuli and direction of stimulus isnot fixed. This type of movement is 

mostly observed in leaves and petals etc. Thetypes of nastic movements depend on 
he type of stimulus, they may be photonastic, thermonastic, seismonastic, 
nyctinastic and haptonastic. 

Photonastic movement or photonasty: The nastic movement caused by 
i The flowers open and close due to light intensity e.g. the flowers of oxalis and 
"portulaca open in day and close‘at night while flowers of Nicotia close in day and 
0] night. 
| Thermonastic movement (Therme (Gr.)= heat): Nastic movement caused 
tohigh atmospherictėmiperature e.g. Indian telegraph plant. 
Seismonastic niovement (Seismos (Gr.)= to shake): When the compound 


of sensitive planit-(mimosa pudica) is touched, it collapses and its leaflets fold 
T as itis inpdergone a shock. It results from a rapid loss of turgor by cells of 


ts. 
| Nyctinastic movement (Nyctos = Night/sleep): Bean plants and esi 
ers of legume family lower their leaves in the evening and raise them s 
position in the morning. These movements are called sleep movemen! 
owerd by daily changes in the turgor pressure ofthe cells ofthe lentea 
tic movement: Haptonastic movement are caused due ae 
they can be observed in many insectivores plants in which to 
ent. J =.= 
r . . es 
ive feature is that, in case of thigmotropism, plant pi guens y 
in haptonastic movement, an object (any insect) touches g 
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ROLE OF GROWTH SUBSTANCES IN PLANT MOVEMENT 


BIO 
: Plant as sessile organism shows its movement mainly in the form of groy a 
This ‘Movement is controlled by phytohormones (auxins, cytokinin, giberel ski 
abscisic acid). Itis found that the phototropic curvature is due to light effect on ți gre 
distribution of auxin. Went (1928) found that the illuminated side of Oat Coleoptil an 

possessed only 27% auxin where as unilluminated side possessed 57% auxin. Thi 1 
distribution of auxin is due to light response. The region rich in auxin grows rapid] ý 
which results in growth curvature towards the light. i A 
Auxins also play role in geotropic responses. It is responsible for positiy ba 
geotropism of roots and negative geotropism of stem. The growth rate increas be 
with the increased accumulation of auxin and as a result a shoot will.grow aw, fill 
showing negative geotropic property and a root because of inherent differencesin) 101 
response will grow towards the lower side showing positive geotropice property. ar 
Ratio between growth inhibitors like abscisic acid and growth regulator co 

gibberellin also play an important role in nastic movement THe epinasty is found 

due to auxin while gibberellin causes hyponastic movérnent. Role of growth) he 
substance on plant movement will be discussed in chapter 3 in plant growth) wi 
regulators. te 

it 

SUPPORT AND LOCOMOTION IN ANIMALS m 
) During the course of evolution of muilticéllular animals many of them th 
increased in size. If a way to support their lafge body had not evolved this increase a 
in size would have not been possible. Such asupport came with the development of o 
various types of skeleton. Without the stipport of a skeletal system an animal could $ 
not maintain its shape and wouid have\collapsed from its own weight to look like a k 
mass of jelly. A skeleton cannot move without muscles, hence the skeletal and | a6 
muscular systems work togethefto move the body around. The nervous system Lee 
coordinates these two systems.together. $ 
The movement of orgåđhišm also supported by Quranic Verses i.e. Allah says: st 

" And Allah has creatéd every animal of water. Of them is (a kind) that goes fn 
upon its belly and {a kind) that goes upon two legs and (a kind) that goes 2. 

upon four. Allah creates what He will. Lo! Allah is able to do all things." A 
nee” (Sura Al-Nur 24, Ayah 45) er 

o : 

Qi SKELETAL sysTEM 5 
A skeletal system usually consists of a single or a set of hard struc or 

which provide the body with shape, support, protection and the power ¢ lo 
movement. is 
- sar = or 

jority of animals lacking a skeletal system are aquatic, either sessile or slow moving: ? 


es of skeleton: ` 

etons found in majority of animals are of two general- 
completely surrounding the body like a protective encase 
which forms a frame-work inside the body. In some so 


i 


an s, helmin - 

Eoo Tuia jak d annelids with no hard, outer or int 

and provides the stiffn, tic skeleton whe battles pani 
Geol. ess required for the maintenance of pete 


es rigid and capable of supporting itsel 
body AnA in these animals is su 
dinal muscles. Contraction of circular mu 

scles put i 
jas a result body becomes elongated and stiff. When the fongitudioet ies as 
contract the body becomes short and thick. ew | one 


The hydrostatic skeleton c NA 
helps the animals in extension and a f 

withdrawal of their bodies and | 
tentacles. In jellyfishes and octopus, 
it helps in jet propulsions, the main 
mode of locomotion. In earthworm 
the alternate contraction and 
Telaxation of circular and 
longitudinal muscles exert enough 
pressure on the body fluid to 
lengthen and to shorten 
Tespectively, and helps in the 
movement of animal in the soil. This 
process is assisted by anchoring,in 
the soil through the hard rod‘like 
Structures, the setae, projecting out 
from the skin. Fig: 2.5 Cross section of an earthworm 


i 2. _ Exoskeleton? 


exoskeleton is ahard, non-living external covering that is secreted by the outer 
y itself. Exoskeletons are made up of different 


tmal layer(of the animal bod 
erials, fox example molluscs have an exoskeleton (in the form of shells) 
e (CaCO3). This type of 

provides the animal with 
n and support but not the 
Another type of exoskeleton 
which is a hard non-living 
It covers the entire outer 


i 

N One body segment 
\ 
N 


Nerve Fluid-flled space 


Thick rigid cuticle 


‘exoskeleton and is 
ods. Here the 
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not a single cover but it is divided, by soft flexible j 
of small plates corresponding to the number of segments of the 
ppendages. Without these joints, movement of the body parts and 

would have been very difficult. This type of exoskeleton prote 
al, gives it its particular shape and helps in fast movement by 
s for muscle attachment on their inner surfaces. 


¿An exoskeleton, though much advantageous, do have a few disadvant 
Itlimits size of arthropods. Most of the land arthropods and flying insects are 
because a heavy exoskeleton of larger animals would seriously limit 
movement, Growth is also limited because the exoskeleton is non-living and n 
i growing therefore as the animal grows it has to shed its exoskeletomand | n 
> new but larger one. This process, called moulting (ecdysis), occurs many times 
_ theanimal grows to its adult size. After each moult when the newly formed skele 
is Soft animal becomes an easy prey for predators because it neither has its arm 
like protection nor the ability to escape quickly. A 


3. Endoskeleton: M 


i A This type of skeleton lies inside the body.“Although found in a few 
inyertebrates like the spicules of sponges and caleareous plates of star fishes, itis | 
M mainly the complex skeleton of vertebrates, whichus a true endoskeleton 3 
O O The endoskeleton in the vertebrates i8“an internal frame-work of the body | 
"being composed of two types of living (rigid-connective tissue) materials, the bones | 
’ and the cartilages. They articulate withéach other at a variety of joints that allowa_ 
_ wide range of movements brought abdut by the contraction of muscles attached to 
hem. As the endoskeleton of vertekxates is made up of living material, it grows in 
correlation with the growth of the animal and does not hinder the growth. 


ones of arm: legs (Fig: 2.7). 


2, > 
©) A human endoskeleton is about 18% of the total body weight. 


skeleton: 


ones to form a brain box to protect the brain. 
called facial bones. Lower jaw is support 
a w a H ig Sy 
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rib cage encloses the 
and protects heart and 
bs are semicircular bones 
on their dorsal side with 
brae and on their ventral 
sternum. The lower two 
ribs are called floating ribs 
e they remain free and are 
nnected with sternum. (tal bone) 


Carpal 


_ Appendicular skeleton: 


The movable limbs attached 
tial skeleton constitute the 
ar skeleton which forms 
of levers to provide 
to the body. A pair of 
girdles, at shoulders, hold 
ms to the axial skeleton. 
oral girdle consists ofa 
anda clavicle. Eachof the 
fore-limb (upper, `limb) 
30 bones, a “humerus 
s a ball socket joint 
d two'long parallel 
nd ulna at its 
radius and ulna 
ith 8 small carpal rig 2:7 
articulate with 5 ‘Anterior view of the entire human skeleton 


palm. From the 7 
containing 14 small bones called phalanges arranged in 5 


Phalanges ———* 


~. a 
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tarsal and 14 bones the phalanges arranged in five rows one row 
five toes. 


Femur, the bone of the upper leg (thigh), is the longest and strongest bone in human 
Auditory ossicle in the middle ear are the smallest. They carry sound waves. 


2.5.1 Functions of skeleton: 


Endoskeleton, the most advanced type of skeletal structure perform ma 
tant functions. It provides supporting frame-work for the body, it gives ti 
body its particular shape, it also protects various organs and, in collaboration 
muscles, enables the body to move. Besides shape, support, protection, 
movement the marrow of the bones produce blood cells and stores. and supplies t 
minerals like calcium and phosphorus to the blood whenever needed. Exoskeleton 
is also beneficial and provides support, shape and proteetion in addition to th 
locomotory assistance. Hydrostatic skeleton helps in movement and maintenance 


of shape of the body. $ 
2.5.2 Bones and cartilages: 

The endoskeleton of vertebrates is mad®up of two types of connective: 
tissues, cartilages and bones. Cells of cartilages called chondrocytes, secrete 


large amount of extra-cellular matrix whiehis a gel like mixture of proteins a 
polysaccharides. The main protein in the‘matrix is collagen whose fibres run in 
the directions through matrix gel and.give the cartilage strength and elasticity. 
Cartilages are found at the surfaces of joints whose bones move against each other. 
It also forms the stiff but flexiblestrictures like larynx, external ear and tip of the 
nose etc. Sharks, skates and‘rays are called cartilaginous fishes because their 
skeletons are composed of cartilages only. In all other vertebrates embryonig 
endoskeleton is made up of cartilages which are gradually replaced by bones. 


Cells of the bones are called osteocytes. They also secrete, a gel like matri 
contains a network ofcollagen fibres but unlike cartilage 


cification, 


Outer membrane 
= 
fe AN Bony layer 
7 Marrow 


_forcalcium absorption from the 
blood and milk. Milk, a major 
of a child's diet, is a good 
rce of calcium. The protein 


ee 
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ht have been stronger 
wou id have been Ah 
skeleton consists of many 
together. The points at which 
ect each other are called joints 
Many joints are movable and help 
ment of an animal and its parts 
ton has several different kinds 


ne of thigh or upper arm fits into a 
e socket of the girdle. This joint allows 
deal of movement and thus you can 
m your arms or leg, in almost any 
direction even in a circle. 

apd The joints of elbow and knee are 
ẹ joints. These joints enable you to 
your fore limb and legs (below the 
back and forth. This movement is 
to the way a door swings at a hinge. 


Your elbow has two joints. Rest-your 
ma table with the palm of youryhand 
Up. Raise your palm towards your 
Ider, the hinge joint inyour elbow 
s this movement. Your elow also has a 
joint, which allows’ a twisting 
ent. By moving thepivot joint in your 
u can rotate the palm of your hand 
down. The is also connected to 
e by a ar pivot joint, which 
's the side movement of the head. 


& joints connect the bones that 


joints allow 
y able joints 


tye y 


n were a single solid 


Fankle or wrist. In this type ofajoint 
f your wrist or ankle in many directions. 


e are linked by gliding joints. 
rin a back and forth manner. 


d above are the examples of freely 


a little 
. These joints 


Ball and 
socket joint 


Fig: 2.9 Types of. “joints 
bones slide over another to allow 


At these joints the bones move easily 
Gliding joints make the backbone 


movable joints. 


movement. Your ribs are attached 
permit your ribs to move 
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Immovable or fixed joints connect the bones of the skull, in 
c ) protect the brain. 


A At movable joints the joining bones are held in place by stro 

connective tissues called ligaments (Fig:2.12). Ligaments connect the 

each other and don't allow the bones to slip and dislocate at a joint. As lip 
stretch, they allow the joints to move. x 


Highly movable joints like that of elbow or a knee (Fig:2.10) and a shoul 
or hip joint also need lubrication and cushioning to prevent the adjoining bor 
crushing with each other. This is the function of synovial cavities present aroy 
the joints. They contain a thin oily synovial fluid that reduces the friction a 
keeps the joint moving freely. In addition cartilage pads at the end of.bones act: 
shock absorber and prevent bones from grinding together. Vv 


The bones at a joint are held 
together by strong fibres called 


ligaments. Awoily liquid called synovial 
fluid helps the joint move 
smoothly 

Where the bones rub together The synovial membrane around 

they are covered by a slippery the joint stops the synovial fluid 

layer of cartilage. from draining away. 


Figy 210 Parts of hinge joint 


2.5.5 Deformities of skeleton: 


Human skeleton may some time suffer from some deformities. These may 
congenital i.e. due to.sdme sort of genetic disorder or may be the result of hormo. 
deficiencies or simply malnutrition. 


: Genetic disorders of human skeleton include cleft palate in many peopl 
under-develo, nt of skull, a phenomenon called microcephaly or many 
arthritis, i icular, arthritis of joints called osteoarthritis, 


Hormonal disorders of skeleton are. the deformities of bones cau: 
mone deficiency. The most common is the osteoporosis being far 
mon in elderly women because level of their estrogen secretion 
ss, as a result, become porus, thin and weak, consequently easily b 

the bones are affected, the hip bones, vertebrae and wri 
ne to fractures. t 


ora 


_ Some of the common skeleton related diseases are as follows: 


Disc slip: 


ue to a physical trauma the cartilagi x i 

i t ginousriñg of a disc 
S called a disc slip. This protrusio ‘presses upon a 
m the spinal cord in between the enh causing 


to move. Prolonged rest on a hard bed and use of 
amage. 


2.  Spondylosis: 


_ Spondylosis is a deformity of the joint of two-vertebrae particularly of the 
neck where the space between the two adjacent vertebrae narrows. This results in 
pressing upon the nerves emerging from the spinalcord and results in severe pain 
inneck, shoulder and upper limb etc. The paifis relieved by wearing a hard collar 

the neck which keeps the affected (vertebrae, a bit, apart and hence the 
ure on the nerves is released. 


3. Arthritis: 

M Itis a condition in which a jéint becomes swollen, painful and immovable. It 
may be hereditary, may be due t'a viral infection or due to an injury or sometime 
only due to aging. In this disease the smooth and flexible cartilage between the 
‘bones of a joint is denatured-by the deposits of calcium, which makes the cartilages 
i The joints become Very stiff and hard to move, and the person becomes 
led. The only remedy is replacement of the affected joints by artificial joints 
"up of rubber and’plastic. Artificial joints are often used to replace stiff hip 
knee joints. og y 


RM 

It is the severe pain of the hind limb, which occurs when a nerve of the 
lexus is being pressed, may be due to a disc slip in the lower abomen A 
or due to a damage to a branch of sciatic nerve. It makes the leg highly 
virtually immovable. Recovery is very slow and often not complete. 


ofa broken bone: 
ugh strong enough, sometimes break as a result of trauma or due 
in the old age. Bones are not dead, they are dynamic living 
broken, start healing like any other damaged tissue of the 
bone is said to be a fractured bone. After a fracture has 

is only to fix thé bone, with or without surgery, in 
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j normal position. In case of a compound fracture, the bone is realigned by 

_ Steel screws, rods or plates. This realigned bone is now made immovable for a 
weeks by wrapping the affected area into a plaster, a cast of plaster of paris. 
doing so the broken ends of the bone are held together under stress so that 
healing takes place in the right position. 


MUSCULAR SYSTEM 


A fish swims, an earthworm crawls, a mosquito flies, a kangaroo jumps and 
people walk. All this is made possible by a system of muscles. Muscles are made | 
up of muscular tissue. A muscular tissue is a group of muscle cells»The muscle 
cells are specialized to perform one unique function; to generate a/pulling force © 
that is they shorten or contract. Without this contracting or pulling force of the 
muscles, a skeleton can do nothing more than to support am animal. But the 
muscle do much more than to move the parts of skeleton. Muscles move eye lids, | 
tongue, beat the heart and pump internal fluid through the circulatory system, 
propel food through gut, discharge wastes, squeeze out‘sécretion from the glands, 

maintains gaseous exchange and generate powerfuljeéts of water that propel an 


animal out of danger. All these actions are called movements and are brought 
about by muscle contraction. 


Ss s 5 @ 


can move quickly. 
O muscles in a human body and almost half of your 


Aman and a woman both have the same number of bones and the same number of muscles 
2 


«6.1 Types of muscles: 


There are three“types of muscles in a vertebrate body. Th 
muscles, smooth muscles and cardiac muscles. y- “hey are skeletal 


1. Skeletal muscles: 


re Piet o be 


ta” 


pe 


~~ =" 


Nucleus 


Fig: 2.11 Three types of muscles 


2. Smooth muscles: 


wt 
_ Smooth muscles are 


structurally the simplest of all 
muscle types. Unlike skeletal 


non-striated. They consist of 
long spindle shaped uni- 
eated cells that are 
arranged in sheets 
urround the body's 
organs. Smooth 
muscles are involuntary that 
48 their contraction is not 
the conscious control of 
mal itself, instead they are 
being controlled by 
mic nervous system. 


Voluntary muscles are made of 
fibres which are long and striped. 


are so called because they only 
most of the vertebrates: These mie fe: 
s. Like smooth muscles cardiac musc es 
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Involuntary 
muscle fibres 


Involuntary muscles are made 
of short unstriped fibres, 


Branching 
muscle fibres 


intercalated 
disc 


Cardlac muscle is made of 
branched fibres 


Flexor 
muscle ~ 
Extensor muscle 
(quadriceps) 


Tendon 


Patella (Knee cap) 


i zi Cartilage 


Bi 


R Ligaments 
3 


\ 
1 {| 


Fig: 2.12 Joints, ligaments and tendons 


joint 


Tibia 


od vessels, the diameter 


ES, our 
‘oth muscles push the food through the digestive tract, they empty y 
adder, and they control the diameter of your blo m 

eye and the state of erection of hair ofthe skin. 


muscular walls r$ 
form than have a unique 


ie 
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" put like skeletal muscles they are striated. They are uninucleated or binuele Blo 
and branched to create a meshwork of contractile tissue hence their fibres ca pat 
be separated like that of a skeletal muscle. It is therefore, that the heart walls, fila 
withstand high pressure without any danger of being fatigued or damaged. Asthy| ové 
form a meshwork, the cardiac muscle fibres when contract, the entire chambergy thi 
heart squeezes to maintain the flow of blood. They contract and relax continuo du 

inarhythmic pattern. This rhythmic contraction, called heart beat, is initia’ an 
a specialized area of heart called sino-atrial node (SAN) or pace-maker. Bec 
of this pace making property, heart is quite independent of nervous system for 
contraction and the heart beat is generated by the cardiac muscle itself. The ee 
autonomic nervous system can only modify the rate of pace maker os 
contraction. j : 
2.6.2 Structure ofa skeletal muscle: a 
Each skeletal muscle (Fig: 2.13) is actually a bundle’ of long and parallel) pi 


closely packed thread like multinucleated cells called the muscle fibres. Each) 
fibre is covered by plasma membrane, the sarcolemmia» Each of these cylindrical) T) 
fibre is itself composed of many individual, .ulframicroscopic, contractile) T) 
myofibrils. These fibrils are made up ofa linear series of sarcomeres, which are the) t} 
actual units of a striated muscle tissue that. contract. Adjacent sarcomeres are) h 
‘separated from one another by dark 'Z' lines. Between the 'Z' lines are dark and) h 
light zones, which make up a sarcomere: Under electron microscope, itis seem] rs 
that each of these myofibril is tl 
composed of smaller parts 
the microfilaments, more 


Body muscle 


simply called filaments. c 
| These filaments are of two li 
n 


types, thick and thin. The 
thicker filaments are made 
up of protein myosin’ Each 
myosin filament is 
surrounded by “six thin 
filaments, which-are made 


up of actin; tropomyosin 
and tropo: 


The dark and light 
ands of the fibres result 
regular overlapping 
of these thin and 
filaments. Each 

has a pair of lightly 
bands located at its 


\ i 
Sheath 
A 


Muscle cell fibre 
~ 
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a pert of A-band oe ae the H-zone has on = 
and contains ee thin and thick filaments and ten the region of | 
nents have cross bridges, which are ene ence look darker. The 
suscle contraction. ed to the actin filaments 


76.3 Mechanism of contraction of skeletal muscle: 
"ft is a matter of common observatio i 
contracts. When a muscle contracts it beco: 
“ocles become shorter during contractio 
anda number of aoations were offere 
been proposed by ey, which is based i i : 

= tions that whenever a muscle contracts the sarcomeres dka ae 
width of dark and light bands changes. This important clue led Huxley to present 
his sliding filament theory of muscle contraction. According to his explanation 
the thin filaments of a muscle fibre move together by sliding over thick filament. 
This is like sliding the fingers of your hand between the fingers of the other hand. 
The sliding over of the filaments is the reason that the muscle gets shorter and 
thicker. How does this happen was a mystery untilthe discovery of the bulbous 
heads projecting from the ends of myosin filament, Which act like cross bridges to 
hook into special sites on actin filaments (Fig:2.14). Whenever a nerve impulse is 
received the myosin cross bridges hook into thin filaments and pull them towards 
the centre of sarcomere. The bridges break immediately and reform at other 
(posterior) places on actin. A wave (seriés) of these small moves cause the thin 
filaments to slide over (to be pulled over) the thick filament. The filaments do not 
contract themselves but slide over each other to shorten the muscle fibre. This is 
like rowing by a team or like pushing the cloth backward by the teeth of a sewing 
machine. 


2 


n that whenever a mu: 
scle works i 
mes shorter and thicker. The way the 
T has been investigated for many years 
. The most widely accepted hypothesis 


I ee 
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A fully contracted sarcomere can shorten by 35% of its total length. Each 
cross bridge repeats its bending movement 50-100 times within a fraction of 
Second or several hundred times each second. > 


Thin filament (Actin flament) 
É N Thick filament (Myosin filament) 


Sn no F 
eit es: i YAA ~~ 


‘Fig: 2.14 The mechanism of muscle contration 


er 
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2.6.4 All or no response: 


Once an impulse reaches a muscle fibre, there is 
either the muscle contracts fully or it does not contract at a 
contraction for a given fibre. Further more all the contractions are of the 
intensity. How come then a muscle can contract to a greater or lesser degree 
strength of contraction depends on how many motor units are cons 
motor unit is a set of all the muscle fibres innervated by the branches ofa 
neuron and a single muscle is made up of many motor units’. ‘na 
units contract the greater is the contraction. As a result our rai i can e 
tender and precise or very forceful. A ball can be thrown very forcefully owards 
batter (batsman) in cricket or can be tossed very gently toa child. 


Human eye muscles contract in 0.01 seconds 


2.6.5 Control of muscle contraction: 
The contraction of a muscle depends upon three factors (a) nerv 
(b) energy and (c) calcium ions. 
Muscles are stimulated to contract by nerve impulses (messages from the 
CNS) that travel along the motor nerves from brainorspinal cord. The muscles are 
so dependent on nerve impulses that they not only,stop contracting but degenerate 
if their stimulant nerve damages or is cut away, as the case is with polio infection. 
Muscles also need energy for contfattion. Energy required for muscle 
contraction comes from food through ‘some intermediate compounds. These 
intermediate compounds are glycogen(made up of many molecules of glucose) and 
T creatine phosphate. The energy frøñ food is stored in muscles in the form of 
glycogen. It is transformed from glycogen to creatine phosphate and finally to ATP 
where it is stored and is readilyavailable for use of muscle. Creatine phosphate 
(CP) serves as muscle reservée.of high-energy phosphate continually replenishing 
the ATPs consumed during:muscular activity. 


Calcium ions, which are stored in abundance in sarcoplasmic reticulum 
play very important role in initiation of muscle fiber contraction, When an impulse | 
teaches the end plates of nerve fibres acetyl-choline is released. This is followed 
by the release of great number of calcium ions in the muscle fibre around the actin 
and ar intel with These calcium ions bind to troponin molecules attached at 


e impulse 


regular int vals with tropomysin (the actomysin complex inhibitor) of the thin 
filaments. his exposes the sites (hooks) for the attachment of the cross bridges 
between actin and myosin so as to make possible the movement and sliding of 
filaments and hence contraction. After contraction has occurred and imp 
stopped, the free calcium ions flow back into sarcoplasmic reticulum, the 
bridges are broken and the muscle fibres relax again. 


Fatigue: Muscles require energy for contraction. Th i 
r l . The source of this ene; 
muscle glycogen, which breaks up into glucose molecules. Glucose is bis eae 
Poe to liberate energy by the process of respiration and fermentation. Bo 
these processes take place in the presence and absence of oxygen, respectively a 
are, therefore, called aerobic and an aerobic respiration. 


3| 


aring a heavy or prolo 
respit 3 dioxide and water as the init 
Bie ation of lactic acid in oo 8 Wi 
acentration dangerous. Hence 


A À ca i > y 
oxygen debt. The more lactic acid present the eater o is called 


Active and constant use of muscles 


isah: makes 
immobilization makes them weaker, and Subject to Erem aronga; whereas’ complete 


2.6.6 Abnormal Muscle Contractions: 


Whenever the conditions necessary for a mus¢lé contraction are not fully 
met with its contraction becomes abnormal. Tetany and muscle cramps are the 
common abnormal muscle contractions. 


1. Tetany: 


Tetany is a sudden involuntary contraction of striated muscle, which is g: 
caused by low level of calcium in the-blood. It excites neurons which triggers 
muscle twitching rapidly even before the actin and myosin filaments of a muscle 
fibre had a chance to return to theit normal resting condition. Hence the muscle 
fibres are held under a constant contraction. Because of a high level of stimulation 
the calcium ions are not removed from the sarcoplasm and the contractile 
Machinary thus keep on genérating maximum tension. This condition is called 
tetany. Tetany of the respiratory organs if not treated immediately may prove fatal. 


2. Cramps: 
It is also a type of tetanic contraction, which is commonly called a muscle 
pull. It usually occurs in a limb's muscles. It occurs due to dehydration, electrolyte 
ce or-a/low blood sugar level, particularly, after a heavy exercise. 
Bogan snore prone to it. 


12.7 | ARRANGEMENT OF SKELETAL MUSCLES FOR SKELETAL MOVEMENT 


Skeletal muscles work in pairs, with one muscle working against ie ee 
muscle of a pair contracts to bend a joint, the other muscle o p 
S to straighten the joint. Such a set of muscles is called ae 
S (Fig: 2.15). The skeletal muscles must work in opposing P pee 
only works by contracting that is they can only pull, they pe scles must 
of muscle pulls on a tendon to bend a joint, another set 0 tee (fe 
a different tendon to straighten the same joint. Combinatio l 
it the controlled movement ofa joint in several directions. ft 


Ww. i -CONIC/IVI AIDYrUIUL 
youtuve COMICI ae SUBPOR 


he biceps and triceps is a pair of antagonistic skeletal 
arm and are connected to the bones of your arm by tendo 
your arm bends at elbow joint. The contracted biceps feel fir 
_At the same time triceps relax and feel soft. In order to straighten your 
_ contract and biceps relax. Muscles that bend the joints (in this case th 
__. called flexors whereas the muscle which opens or straightens a joint (th 
this case), are called extensors (Fig: 2.15). 


j 4 


Biceps contracts (flexors), 
elbow bends 


Triceps contracts coir 
elbow opens straights “> `? = 


Fig: 2.15 Antagonistic muscles AS 
Soe 


2.7.1 Movement of shoulder joint: 


A shoulder joint is a synovial joint with a ball and socket movement. This 
joint is formed by the articulation of the glenoid cavity of scapula and head of the 


erus bone and is thus also called gleno-humeral articulation. Though 
‘structurally it looks a weak joint because the glenoid cavity is too small and 
ow to hold an almost four times larger head of the humerus in place yet it 
oys the great freedom of mobility and stability. This wide range of stability and 
Mobility is due to laxity “of its p ! 
cartilaginous capsule, . shallow Hiexcond Frokrastion 
cavity and many™sets of 
nistic muscles/which make 
movement of th possible in 
a and every diré¢tion. Protractor 
cles move the arm 


ackward direction; 
adductor muscles 
to move away from the 


and towards the body and 
(Fig:2.16) help the 
in all the directions 


usesits 
2.8.1 Locomotion in Protozoa: 


Locomotion in Protozoa, a group of protoctists i 

> > cti 
dages like outgrowths of the cell be Hae a 
pseudopodia in Amoeba, cilia in Parameciu 


1. Locomotion in Amoeba: 


Locomotion in Amoeba is called amoeboid movement (fi > 
à ig:2.17) and takes 
place by the help of pseudopodia which are temporarily formed finger like 
projections of cytoplasm. A pseudopodium, formed in the direction of movement, 


attaches to the substratum and 
by a contractile process whole 
cytoplasm flows into it. A fresh 
‘pseudopodium is formed 
farther off in the same direction 
and cytoplasm is now pulled 
into it. The Amoeba thus 


ally carried out b 
ody. These are of three types ie, 


mand flagella in Euglena. <) ` 


Ectoplasm 


Nucleus 


moves in that direction by 
continuously repeating this 
process. Amoeboid movement 
depends upon alternate change 
ofcytoplasm into a fluid like sol 
and ajelly like gel form. 


2. Locomotionin Paramecium: 
The body of &Paramecium is 
i all ove: a large number 
like extensions, of 


tion in paramecium takes 
by the beating of these cilia 
e is called ciliary 


Fig: 2.17 Amoeba- Amoeboid movement 


Fig: 2.18 Paramecium- Ciliary ™ 


Gs $ 

nd the r nt brought about by flagella 

led flagellary movement (Fig:2.-19): The 

i are structurally and functionally similar to 

silia with the difference that prem. í 
not single, relatively J in size an ran. : 

p like fashion. Loco on is brought about by ay aves of ae rast 

alternate right and left power stydkes ahd Beg 2neliary movement 

pvery strokes. . f 

= å a pa Flagellar movement `^ ` 

Locomotion in Animalia: 

Locomotory organs of animals are built on a quitedifferent plan than th 


the protoctists. Instead of being appendages of a single cell, the locomotor 
ans of animals are Satin developed and work¢ 
J 


G 


fhe co-ordinated acti muscles and skeleton, . 
Locomotion in J fish: A A ) conten 
A jelly fish has an W ORRTAY ody € 


movement 


ich floats freely on water Orswims by contracting t Direction of ai] 


muscle celis'forcing th fits 
Muth and umbrella to ella sion 
bct (Fig: 2.20). The jelly 

ection opposite to the expelledwater. 


_ Fig: 2.20 Jelly fish-movement by jet propulsion 
comotion inBerthworm: 


n 
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ein 
muscles shortens the bod: 
) - 4 y and con: i 
‘com! : Fe vody fuse body. As a result of interac ahora Saale ok ae 4 
apressed body fluid an earthworms crawle of muscle contractions 
In addition bristles called setae 
segment grasp the soil functioning as hold 


3. Locomotion in Snail: 


Locomotion in snail, like other molluscs, takes pl ialized 
the foot (Fig:2.22).Snail moves by the contractions pr sere dee, the fe ee 
These contractions are brought about under the influence of hydrostati er 
of the body fluid. The waves of contraction from front to rer push the ahead 
forward. This movement is made easy by a slimy secretion of the mucuous gland 
poured in front of the foot and animal virtually slips forward. This.gives rise to th 
familiar shining tract left by a moving snail. i gee a 


Shell 


extending from the body wall i 
fast to take the grip of theroik T 


tentacle Opening of pulmonary chamber 
Fig: 2.23 Ventral view of 
Fig: 2.22 A land snail star fish showing tube feet 


4. Locomotion in Star fish: 

In star fish locomotion js controlled by a special water vascular system. 
Water is drawn into the body through a small opening in the central disc and is 
passed through a ring canal to five radial canals one running along each arm. 
Along each of these canals a large number of hollow, muscular tube feet (Fig:2.23) 
are present. The upper part of a tube foot, connected with the canal, is a bulb 
shaped ampulla whereas its bottom part is a sucker. When ampullae contract 
__ Water forces the-tube feet to lengthen and suckers become attached to an object. 
G an muscles contract the water is pushed back into the ampullae, 
k be feet flaccid, losing the grip and the star fish is pulled forward. 
Using its hundreds of feet a star fish creeps along the rock and other solid objects 

inthe sea. Using its arms, it can also swim in water. 


È Locomotion in Cockroach: 


ocomotion in arthropods is brought about by the interaction of the 
and exoskeletal system of its jointed legs. The legs act as efficient 
i the movement much more fast and swift. In cockroach muscles 
1 to the inside of exoskeleton of legs (Fig 2.24). These antagonistic 
in opposition to one another. Contraction of these flexor 
move the appendages and the animal. The swift and 
opod makes it better adapted to catch a prey 
success which resulted in their wide spread 


Fig: 2. 


-24 
Movement of Cockroach 
Locomotion in Vertebrates: 
Vertebrates are the most evolved animals.with most advanced system 0 


jotion. Like arthropods locomotion isybrought about by the interaction 
and skeletal systcms but beirig provided with a living endoskeleton 
y are at advantage. 


The basic skeletal plan of althe vertebrates is the same. It is, however, 
modified according to their habitat‘and mode of locomotion. Fishes living in water 


| freely by the undulating movement of their body and tail which is possible 
e to aer flexible vertebralcolumn. Balancing and steering is assisted by pa 


ed 
d 


a the ie eiekee tebrates are tetrapods being provided with four 


plan. These legs are the principal locomotory organs in 


ans, the first land vertebrates, are thought to have evol 
en fobed fin fishes. Like their ancestors the legs of amphibian spr 
so miot of them virtually drag their body on tbe grou: 


1 the same plane. Later reptiles, however, showed 
legs beneath their body. This trend ese n p 


es RTA sit Apes etc.) b 
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The skeletal system arose from primitive fi 
Se rarecldcr in oaa Sa se NG ishes whereas the muscles of vertebrates 


muscle tissue are found virtually in all yosin, the major proteins of the vertebrates 


: the eukaryotes including pro s 

í ètists, h 
nad pen ae red very sei in the course of anita wade tion. ha ‘te 
vert c of water, their skeleton evolved along®man: diver: ifi 
branches according to the need of their environment and mode S Shalt ea 


As the muscles are co-related with the type of skelet: i 
B edn. type of skeleton and its movement they 


Muscle tissue is present throughout the kingdom animalia; bones are unique to vertebrates. 


Movement is a response showm-by a living organism towards stimulus. 


As living organisms grow if size, they need support to maintain their shape 
and posture to stand ereetfor balanced, fast and rhythmic movement. 


beneath it cortex and in the centre stele. 


Stem depends.for mechanical support on turgidity of parenchyma, thick 
walled collenchyma and sclerenchyma, and stele the central core of 
vascular bundles. 


Paren Ja are thin walled cells with large vacuole and intercellular spaces. 
Collenchyma has also thin walled, elongated living cells with irregular 
thickening at their edges. 

Sclerenchyma are thick walled hard tissues on maturity they become dead. 


Tissues formed by the activity of vascular cambium and cork cambium ba 
¢ led secondary tissues which increase the primary girth and is call 
econdary growth. 
here are two main types of movements in plants autonomic movement due 
nal stimuli and paratonic movement due to external stimuli. 


is the frame of a body. It supports and protects the body and 


+ 
+ 
+ In young stem, the Anatomical arrangements are, outer most epidermis, 
d 


ariere ull tot >! aera 
ve an endoskeleton. Human endoske' 
ork being made up of 206 bones. 3 
have a rigid non living exoskeleton sub divided by soft jo 
be affected by arthritis. 
'k with bones to produce movements and locomotion. 
contracting, The muscles are of three kinds; skelet 


; work by 
‘diac. 
es are called skeletal muscles because they move the ske le 
locomotion. They work in pairs called antagonistic pairs. 
nent theory states that actin and myosin filament slide over eac 
rten sarcomeres thus contracting the muse : 


of muscles is brought about by the herve impulses, energ 
and transfer of calcium ions. Kr 


cy 


the correct answe „C j 
ement in plant due to unequal growth on two side of organs is 
b) Curvature movement 


d) None of these. 
pic curvature is due to light effect on the distribution ¢ 


b) Auxin 
d) Abscisic acid. 
ent of plant organs in response to touch stimulus: 
i b) Geotropism 
| d)Hydrotropism 


an on, 
b) Starfish 
d) Amoeba 


eleton in arthropods is made up of 
aoe b) Cartilages 
Chitin ; d) Calcium 
iii) tal number of bones in a human's skeleton is 
= a) 205 b) 206 
c) 207 d) 208 ~ 
Bones of the ankle are called * O' 
a) Tarsals b) Metatarsals y 
c) Metacarpals d) Carpals Ba 
Bones of the skull are joined by QX 
a) Fixedjoints b) Sliding joints 
c) Pivot joints d) Hinge joints 
The number of muscle in a human body is about 
a) 300 b) 400 c) 500 d) 600 
Each myosin filament is surrounded by 
a) 4 actin filaments b) 6 actin filaments 
c) 8 actin filaments d) 12 actin filaments 


frite detailed answers of the following questions: 
i) How higher plants stand erect in air and their soft organs remain 


? 
i) Whatis Secondary growth and what is the significance of secondary 


cribe various types of skeletons found in animals. Discuss the 
antages and disadvantages of each type. 

is ajoint? Name different types of joints found in vertebrates. 
many bones a human skeleton has? Describe the position and 
n of important bones. 
a skeletal muscle? Describe the structure of a skeletal 


stic muscles? Name the different sets of such ts 
à move the shoulder joint in all the directions? 
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t answers of the following questions: ~ 
ly does wilting of leaves take place in hot summer day 


How does the exposed tissue of cortex become pro 
primary epidermis fall offin stem? 


How girth of stem increases from year to year? 
How young stem gives mechnical support to plant body? 
Why leaves of “ touch- me- not” closed down on touching? 
Write five functions of skeleton. S 
How does a muscle become fatigued? 
Where does a muscle receive the energy from, sNontract? 
ek 
Define the following terms: uy 
i) Stimulus ii) Turgor pressure .\° iii) Lenticels 
iv) Cambium v) Photonasty vi) Haptonasty | 
vii)Phototropism viii) Geotropism, ~ ix) Chemotropism 
_ x) Hydrotropism xi) Thigmotropism xii) Annual rings 
xiii) Skeleton xiv) Chondfocytes xv) Joint 
= xvi) Osteocytes ai Hydrostatic skeleton xviii) Tetany 


Distinguish betmeeZ the following: 


Vascular ium and cork-cambium 
Heart-wo and sap-wood 
Tendonrand ligament 
Bone and cartilage 
‘Exo skeleton and endoskeleton 
~ Thigmotropism and haptonasty 
and smooth muscle 


ee TOSCO OCCOR COLE Soccer nerooenC ess OOS HOES S 


Parietal lobe 
Otor se 
vs NO, aay 
Ugg g eg 
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Temporal 
lobe 


d 


Medulla oblongata 


Spinal cord 


gee complex life processes performed by living organisms, ina coordinated 


discussion i. upon precisely controlled mechanisms. In the following 
ms. © mechanisms of coordination have been discussed in various 
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 Allliving organisms 
| they respond to extern: 5 r 
living body resulted in a number of metabolic processes, which are inte: 
~ Some of these metabolic functions are carried out at the same time a onea 
other. They require some degree ofinternal coordination and control to ens 
maintenance of steady state and survival of the organism. 


There are two major types of control mechanisms found in living organism 

One is the chemical e narin. which is slower 1n action. Its effects an 
diffused and rely on chemical transmission through the circulatory system o 
diffusion process. The other mechanism of control and coordination is nervon 
control mechanism, found only in multicellular animals. Itis faster in action, ity 
effects are localized and it involves electrical and chemical transmission. 


have a characteristic feature of irritability, or sensit 
al and internal stimuli, The responses and needs o 


The multicellular organisms have division of labour among their organs, 
Some of their organs have special cells and tissues which detect different stimuli 
like water, light, temperature, chemical, etc. and respond irhspecial way. Such as 
eyes detect visible light; ear detect sound waves; taste buds detect some chemicals | 
etc. As a result of these detections body responds in a particular and set manner, 


Living organisms also control and coordinate their functions by producing 
some chemicals. These chemicals usually play controlling function in those parts | 
of the body which are far away from their site of synthesis. Transport between 
these sites and the sites of their action takes-place by vascular system in higher | 


plants and circulatory system in higher animals. They are effective in very low 
concentration. 


CONTROL IN PLANTS 
Control through plant hormones: 


Plants are the major part of our environment, they are sessile living 
organisms. Though remain fixed at one place, they respond to a variety of stimuli 
like animals. Some of their parts having special tissues, which produce special 
chemicals for control’mechanism and also function as coordination chemicals. 


Plants usuall ond i justi i 
ee ly respond to these chemical messages by adjusting their pattern of 


SA aea deve pet. = chemical messages are recognized as hormones, 
aning "to excite". The plant horm 
__ phytohormones, are also known as growth regulators ie; 
ae The concept of chemical m i j 
of common ob i essengers in plants emerged from a number 
c serv: > 
the ations for examples phototropism which shows that wh 


_the growing tip of a plant is illumi ide it wi 
cater ee ered from one side it will bend towa 


1 ` ; A onse to li 
_ hormone in its growing tip. This cone Jeht was due to the presence of 
te Plant h as named auxin by F.W. Went. 
k; ] ormones control and coordinate the plant responses in two ways: 


(i) By showin; i 
ay 3 8 movement and regulating various me 


monly called 


ctions. 


ti) By controlling and initiating growth at various regions of plant. 


a 
` 


I 


i 
( 
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T ie 

2 ; TO of living or; ante bens a 
ement in the form of locomotion, which is not obaeryed open 
nding, twisting and 


result in curvatures of whole plant 
ee stimuli which can induce tropism 
m) and touch (Thigmotropism). You 
het lant movement in previous chapter 
(Chapter 2). ey 

3.1.2 Biological clock and circadian rhythms: wa 


Plants and animals have developed within themselves a wonderful 
mechanism to measure the passage of time and the means to regulate their 
iological and metabolic activities which means that a cléck system is present 
jnaliving organism. It has long been known that the leaflets of certain plants open 
during the daytime and close at night but these rhytlimic movements have been 
seen to continue even if the plants are kept in totaldarkness. It shows that the 
ic movement of plant was not only controlled by light intensity and 
temperature changes but was due to an indépendent time measuring system 
called biological clock. mig 
Living organisms when repeat their biological or behaviourial activities at 
regular A this behaviour is called biological rhythms or biorhythma. 
When these biorhythms occur with &frequency of about 24 hours they are calle 
circadian rhythm (L. Circa=about, approximately; dies=day). os 
Circadian rhythms also take place if oreanism i taken ee 
environmental factors e.g. a.bean plant will continue its sleep m x 
ke i i he leaves are not simply responding 
kept in constant light or constant darkness, t 
tosunrise or sunset. , f 
á Recently such thythmic movements have been inuestieaiae es a oe 
of young oat Seedlings, photosynthesis and ee These rhythms 
ne dinofl: ites and in the CO2 metabolism in Bryopny et , systemand are 
seen to be controlled internally by an efficient time measai e: Shythms at 
dent of light and temperature effects. These AR stuating) system is 
nous. This is a fact that an independent oscillating a next generation. 
all individuals and is inherited from one ge EA change in the natu 
sm does not alter unless stimulated by a sudden 


t 


vhi 
has marked influence e the hehar? 
The phenomenon in whi influe 


Bis rails e day and night’. 
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esponses to environmentalstress: —— — — rè 
Changes in environmental conditions are tħe big threats for 
misms especially for plants. These factors which change the normal co 

ght, CO2, nutrients, temperature, etc. cause severe stresses on plant, 
can be defined as an environmental factor that cause adverse eff 

, reproduction and survival of an organism. Plants either die due to 4 
adverse conditions or cope with these stresses by evolutionary adaptations 

enable certain plants to survive in the stressful conditions. The Er: 
environmental stress@s,for plants are: | 


(i) Water shortage (Drought condition) 
(ii) Less oxygen supply 

(iii) High concentration of salt in the soil 
(iv) High temperature 

(v) Low /Cold temperature 

(vi) Herbivory / over grazzing 


(i) Response to drought condition: 

A condition in which water content of‘sdil is very low, a plant may be 
Stressed by shortage of water because plant loses its water by high rate of 
transpiration. Plants growing in drought;condition have control system to cope 
with this drought stress. 

Many plants respond to water.deficit, help the plant, to conserve water by 
reducing rate of transpiration. Water deficit in a leaf causes guard cells to lose 
turgor, a simple control mechanism that shows transpiration by closing stomata 
It also stimulates increased synthesis and release of abscisic acid from mesophyll 
cells in leaf, this hormone‘helps in keeping stomata closed. Leaves respond to 
water deficit in several other ways. 

Root growth also responds to drought by developing deeper root system to 
enable their expostire with maximum soil water and inhibiting growth of shallow 
roots. A 


(ii) Response to oxygen deficiency: 
Some plants are structurally adapted to very wet habitat or marshes. 


have developed aerial roots that provide access to oxygen. Another stru 
adaptation is the development of air tubes that provide oxygen to submerged roots- 


(iii) Response to salt stress: $ 

High salt of soil stresses the plant by lowering the water potential ofs 
to which exosmosis occurs. The plants especially halophytes have salt g 
their leaves where desalination occurs. As a result salt is pumped out from 
However, except halophytes, other plants can not survive in salt stress for! 


= 4 >> a 


wot 
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in the environment can harm and 
e and ip ng its metabolism. 
piration, which produces cooling effect in plants b i 
si Pe backup penne Pcie enables plant to arene in nee picts 
t cells s ; ayn sgt relatively large quantities of special 
above 40°C par heat-shock P » which prevent enzymes and metabolic 


proteins tting denatured. 
proteins from ge! 
W to cold stress: 


When the temperature of environment falls, a change in the fluidi 
membrane occurs, it loses its fluidity as the lipids become locked into sees 
: s. This alters solute transport. Plants respond to cold stress by altering 
the lipid composition ofmembrane. 
In freezing condition, changes in solute composition of'cells by producing 
different polymers of fructose ( fructans), which allow the ‘cytosol to super cool 
without ice forming, though ice crystals may form in the cell-walls. 


ultimately kill a plant by 
One way to cope with this 


(vi) Responses to herbivory: 

Herbivory is the process of eating of plant by herbivorous animals. It is an 
especial stress for plants being commonly eaten up by animals. Plants overcome 
excessive herbivory by developing thorns and production of distasteful or toxic 
one compounds. 


py) S15 Defence against pathogens: 
} Plants are exposed to pathogetis like viruses, bacteria and spores of fungi, 
Which can cause different plant diseases. We have already studied some 
pathogenic plant diseases in class XI biology. Plants normally not get affected by 
Such organisms because they have their own defence system against the pathogens. 
Like an animal's Skin the epidermal layer of plant serves as first line of 
defence against pathogens. But some pathogens become successful to enter 
through wounds or through natural openings like stomata. Once a pathogen 
q ae the plants ‘use chemicals to attack on pathogen. This chemical attack is 
à epee defence. The infected plant produces a variety of compounds 
Organisms , an antibiotic, which destroys or inhibits the growth of micro 
Te) a. 


asa puting infectio d injured plant tissues function 
8 alarm t i molecules of pathogen and injured p. 


ata. 


d to 


HORMONES 
chemicals produced by plants 
and development. Such che: 
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COORDINATION AND C iors 
nic tissues as there is no specific organ for their production ins r flow 
There are five kinds of plant hormones. These are: ai if 
(i) Auxins (ii) | Gibberellins (iii) 
(iv) Abscisic acid (v) Ethene 2. 
1. Auxins (Gr. Auxano= To increase): NY first 
e Auxins are a class of Hose ail substances both natural ang m 
synthetic first revealed by Fritz-Went ( 1926). , e 
A ed anı ng 
They were the first of the major plant hormones to be dicong E area i re 
major plant-hormones to be discovered and are a major Oe ore tis in) eee 
plant development. Indole-acetic acid (IAA) is the principle yP : ukin gher oie 
plants, synthesized at the apices of stem and root (apical meris ray A Pia 
In addition to (IAA) other naturally occurring auxinsare : oo ote 
indole acetic acid, phenyl acetic acid (PAA) and indole-3 butyric aci (IBA), hea 
where is synthetic auxins include nephtaline acetic acid (NAA), 24 as 
dichcloro- phenoxy acetic acid (2, 4-D) and others. 
Auxins co-ordinate development at all levels in plants, from the cellular level : 
to organs and ultimately the whole plant. a 5 
Role of Auxin 
(A) Cell division and cell- enlargement: es 
It stimulates cell division, cell enlargment and brings about increase in 
of plant. It stimulates wall loosening factor, for example, elastin to loosen 
= length of p fi fi le, elastin to l aa 
the cell walls. If Gibberellins are-also present, the effect is stronger. It also 
cell-walls. If Gibberellin: al he eff It als 
= Stimulates cell-division if cytokinins‘are present. | 3. 
_ Xylem tissues can be genérated when the auxin concentration is equal to 
the cytokinins. ERS | witt 
ih -r ay 
(b) Initiation of roots:\Auxin also initiates development of adventitious roots eo 
pplied at the cut’base of stem. aha 
mature leaves and fruits when auxin production diminishes® po 
ells is formed at the base of petiole and stalk of fruit. This lay o 
layer and causes fall of leaves and fruit with slight jerk. 
it: Auxins produced in young embryo promotes the growth of fruit- | oes 


py: Use of auxin also helps in producing parthenocarpic 9 alsc 


: Besides growth promoting function, auxin als 
th. Growth of apical bud inhibits growth of lateral 
menon is termed as apical dominance. Remové 

'teral buds with more leaves and axillary buds. 
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poio vari’ ie gao eima 2" 12) Sinovnd 
ys a minor role in the initiati floweri l pei N 
s in low concentrations, i PTEN 


. 
aS. 


ı group of chemicals that promote cell divisi i 
d in Gibberella fujikuroi fungus which pe 
l disease called bakanae (Foolish seedling). The infected condita 
and ultimately fell over without producing grains. Even extract from the 
n applied to rice seedlings produced the same disease indicating that 
emical compound is responsible for disease. T.Yabuta and T. Hayashi 
in isolating the active substance from the fungus yas named 
n, after the name of genus. Its ability to induce gro attracted the 
who have isolated 70 different types of Gibberellin many of them occur 
in higher plants. Major sites of their production are roots, stems and 


ie o! Gibberellin: $ 
Gibberellin produces wide variety of effects~One of their effect, like auxin is 
simulate cell division and cell elongation and prevent genetical and 
ical dwarfism. For instance dwarfpea plant used by Mendel in his 
nent when treated with gibberellin aftained normal size. They also mobilize 
ed in endosperm by producing enzyme (amylase) that converts starch into 
is made available to developing embryo. 


They also stimulate flowering; fruit development, bud sprouting, growth of 
en tube and parthenocarpy. 


Cytokinins: 

are a group.of substances both natural and synthetic, which react 

in to induce cell: division. Originally obtained from coconut milk, the other 
erm DNA and Yeast extract. One of the naturally occurring 

Which was obtained in pure crystalline form from immature 

à, a synthetic cytokinin has the same effect as that ofzeatin. 


ing 
zeati 


rapid cell division but only in presence of auxin. They also 
senescence (old age). Detached leaves which would normally lose 
ted from becoming decolourized by their application. They 
and promote fruit development in some species. 


h promoting hormone 
(ABA) is growth inhibitor produced by 
tions such as drought condition 
ds and seeds, causes 


eb va 


chloroplast with the result that red and yellow colours are 
sumes ripened colour. It contributes to leaf abscission and a 


of buds and seeds in some species. It also initiates flowering r 
s. pineapple. 
Ka 
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CO-ORDINATION AND CONTROL IN ANIMALS „Q^ 

D In higher animals, coordination of cells within the bo Nis well as of | 

l 7 whole body with its environment is achieved by nervous coordination an 

hormonal coordination, which are the activities of nervous system and endoci 
‘Systems, respectively. These two coordination systems Connect the sensory 

> effector systems together to produce effective behaviorand homeostasis. 


ordination: 
“nervous coordination is 
jut by means of nervous Récepiors 
is the quickest way of { 
ation within the body ofan 
In this method, 
ation takes 


Stimuli 


Afferent nerve path way 
CNS 


Efferent 
è by rent nerve path way 
called 


80 tissues called 
(glial cells). Response 


Fig : 3.1 Coordination by ma: lian 
informations about an ] 


ly change (stimulus) in extern: 
the body through sensory cells or organs called recep 
‘the control centre of the nervous system. After a y 
stimuli, the control centre sends comm 
t effector organs (muscles, glands), infor 
re taken by . 


he efi 


hich can 

duc electric 

order to 

the way of 

signals, let | 
e first. i Node of ranvier 
eurons differ 
bly in size and shape 
differentiated 
ving three regions: 
drites and axon. 

soma is also called 
body. It contains 
and nucleus. In 
to typical cell 
les, it contains Nissl 
, which consists of 


‘Myelin sheath 


the soma arises a 
of thread like { 
the dendrites, : Sensory neuron 


aem N Fig: 3.2 Neuron anatomy 
g cytoplasmic process which usually arises opposite to 
K ao end of a neuron. It ends in knob like structures, the 
3. It originates from a pyramid like area of soma called axon- hillock. 
ie neurons are covered by a myelin sheath. 


ons can be differentiated into followingthree types: 
carries sensory information from the receptor ttig z 
] J 


commands of the control centre to the ef 
found in central nervous system, 


nections of neuron: 


As stated earlier, a neuron is.a functional unit of the nervous system, 
olved in communication b integrating various stimuli 


iding appropriate iristrućtig 0 form CN shel the effector organs, 
Neuroglia (Gli Jls): a 


Neurons in ce! mervous systefn (ens) are ON with another 
Cells called neuro: Thesesmallericells separate rietirons from one anoth 
myeline shea id are also involved in trophic aid phagocytic functig 
ley occur in several structuralland functional types. 


| 
Py NERVE IMPULSE 
The electrochemical signal 
veloped by a neuron for communication 
l called nerve impulsé5)_ Most of the 
surons develop an “iT 
lowing way: 


Restingmembrane potential 


Action potential E 


Provacatia AAR O 


Synapse. 


g membrane aiina 


was = ga squids that 
ive neurolemma 

neuron) maintains a 

able between -40mv 

+ ctrical potential is called 
potential. This 

f jual distribution 

ee ae It was 
concentration 

n inside the 
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as proteins, organic adids, ote a mon £ 
ity of the neurolemma negativ » ete are more concentrated, nak 
jon potential: 
temporary localized reversal of th 
‘ i € is y 
en ee is stimulated eee be neurolenttas, which 
ack uring s e action potential, the polarity EA , touch, sound, 
ay Thi C epolarization) and then restores to Base Dortet 
tion). This action potential is extremly rapid as it mv again (i.e. 
econds. to happen. occurs only ina few 


The change in potential across the i + 

and potassium channels in the ee aus Gare presence of 
n channels open to allow the rushing in of Na+ ions, RAVA rs, AN me 
brane potential changes from negative to zero and then proceeds cee +40 
At this stage, the sodium channels (gates) are automatically shut ho but 
nitaneous potassium channels open to allow théif outward movement. As a 
sequence, the +vely charged membrane gradually restores its negative charge 
mv. Since the sodium ions accumulateinside and potassium out side, at 
tage, the sodium potassium pump becomes operational to restore the initial 
nulation of sodium outside and potassium inside. 


Propagation of the impulse: 


= The action potential devéloped locally spreads along the entire 
olemma, is called propagation of the nerve impulse. 


The events around the membranes 


Vesicle of transmitter 
substance 5 


Permeablity to 
Ca” increases 


Diffusion of transmitter 6 


MI Lorn woh 


[an pi 


Cie 


another is 
; a pre-synaptic membrane 


4) 9 
ed from pre syn 
ing a chemical, 

nvolved in the transmission of the impulse. Asa 
‘ [uence of the propagation of impulse down to axon terminalg>the calcium 
C els, present there, are opened allowing the diffusion of calciutirions from the 
Synaptic cleft to inside the axon terminals. This causes the vésicles contai 
neurotransmitter t 


1 o fuse with the axon terminals and release the neurotransmitter 
into the synaptic cleft. The neurotransmitters bin 


d to thegreceptors on the post 
synaptic membrane, which generate action potential in thé post-synaptic cell. The 
neurotransmitters are then reabsorbed by the pre-synaphi€ cells for reuse. 

Various neurotransmitters such 


as aeétylcholine, norepinephrine 
(noradrenaline), glycine, gaba, serotonin, dopamińeėétc. have been identified. 
) 


3.4.1 Reflex action: 


Reflex actions are automatic, involuntary responses which occur either 
due to internal or external stimuli. For instance, hand withdrawal on a painful 
‘Stimuli, knee-jerk, blinking Qfeyes, etc. are some of the reflexes common in man. 


wm, Sefisdty neuron 


Events occurring at the neuromuscular 
‘since blocking 
| re durin, 


ynapse are,Considered as chemically very important 
transmission at this site with commonly used drugs, one can promote muscle 
g anesthesia, and reduction of muscte spasticity in certain neurological conditions. 


Spinal cord 


OT A 


CBE PU OP et OED. 


Nv 


case, si ; on 
Synaptic. Knee-jerk is 
ates most of the reflexes are 
Imposed in between sen: 
» the stimulus can also be sent 
ce some voluntary control on 


ga EVOLUTION OF NERVOUS SYSTEM 


In different groups of animals, two types of nervous systems can be 


recognized, one is diffused nervous system and th i i 
system. Itis correlated with the life style ofanimals. © other is oQ ieza ae 


1. Diffused Nervous System: 


This is found in Cnidarians 
and Echinoderms. In Hydra and 
other cnidarians, because of the 
radial symmetry, there is no 
anterior or posterior ends. The 
nervous system consists of a net 
work, the nervenet of neurons, 
which is woven through the 
tissues of the body. The flow of 
information through this 
nervenet is not highly directional} 
rather it diffuses in all directions 
from the point of stimulation: In 
this kind of nerveneét, the 
transmission of impulse is slow 
‘possibly because of the synapses 
_ involved. Thus,\ initially the 
Tesponse is localized. If the Hydra, a cnidarian, has a Planarian, a flatworm, has a small 
stimulus is strong and persistent nerve net with no centralization brain or an anterior ganglion, i.e. 


a ) T a part of two longitudinal nerve cords 
en e prey, then 
whi le b dy e Fig: 3.6 Invertebrate nervous systems 


ntralized nervous system: ES 
It is the characteristic of bilaterally symmetrical animals, whic. 
anterior and posterior ends. Since the head is the first part of the a 
ters the food, dangers, etc so they require sensory organ Se a 
of the nervous system where the sensory information from tet the body 

e t for integration and to develop a coordinated respon ae 
vorms, such as Planaria are among the simplest oni oe poster 
nervous system. It consists of an anterior brains eel í 
lich is connected with the sensory organs. bees he yh : 
nerves running longitudinally through A 
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Cords are connected with each other at several points 
body through transverse nerves, which coordinate th 


sides of the body. 


HUMAN NERVOUS SYSTEM 


Like other vertebrates, the human nervous system is of centralized type, It 
can be divided into following different components that differ in function ag 


summarized in figure 3.7. 


VILIVA I 


3.6.1 Central Nervous System (CNS): 


The CNS consists of a brain and a spinal cord (hollow nerve cord). Both 
consists of upto 100 billion inter neurons. Both brain and spinal cord are-protected 


in bony armour, the skull and 
the canal of the vertebral 
column, respectively. Inside 
the bony armours, another 
protection is offered by three 
tough connective tissue 
covers called meninges. A 
plasma-like fluid, the 
cerebrospinal fluid (CSF) 
bathing the neurons of CNS is 
yet another protection to CNS. 


Brain: 


The CNS ofa vertebrate 
develops in the embryo from 
the dorsal, hollow nerve cord. 
In the initial stage, nerve cord 
is simply a tube filled with 
CSF. However during the 
course of development, ‘its 
anterior part enlarges to form 
the primary brain vesicle. As 
the development. ‘proceeds, 
the primary brajn vėsicle sub- 
divides into three irregular 
vesicles, the fore-brain, mid- 
brain and hind-brain. Later, 
different parts of mature 
brain develop from these 
vesicles by selective 
thickening and folding 

processes in the walls and 
roof of the brain. Meanwhile 
the central canal becomes 
four fluid filled cavities called 


ventricles. 


Central Nervous 
System 


Brain 


Spinal cord 


Axons 
motor ni 


‘Somatic subdivision 


These nerves carry signals 
to and from skeletal 
muscles, tendons and skin 


Autonomic subdivision 


These nerves carry signals 
to and from internal organs 
(gut, heart, glands, etc.) 


Parasympathetic Sympathetic 
nerves nerves 


Fig: 3.7 Functional divisions of the nervous system 
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mirit essit Teih aar shia “tt 
can be divided into two regions, the telencephalon and the 
h nm. 
e telencephalon is the largest part of fore-brain. It is differentiated i 
bral hemispheres or cerebrum. Each hemisphere plete = per’ 
: ral cortex and an inner white matter. Cerebral cortex is the 
Mes and the most complex part of human brain. It is highly convoluted to 
occupy greater number of inter neurons. Cortex is the seat of all conscious 
ivities. It coordinates different senses together. It is the place which is involved 
get elligence, reasoning, memory etc. Functionally, it can be differentiated into 
- ananterior frontal lobe, a lower central temporal lobe, a parietal lobe and a dorsal 
occipital lobe. The activity of the two cerebral hemispheres is coordinated by 
corpus callosum. © 


Sl 


Meninges 


Cerebrum }—Telencephaton 
Corpus callosum 
Fore-brain 


Ventricles 


Thalamus 
+ Diencephalon 
Hypothalamus 


Pituitary gland 
Pons aL 


Cerebellum 
Medulla oblongata 


Vertebrae 
Spinal cord 


Fig: 3.8 The human brain 


diencephalon consists of thalamus and limbic system. The thalamus 
4 it receives them from different parts 

appropriate part ofthe motor cortex. Itis also invol i 
are and pain. z 
m consists of hypothalamus, amygdala, hippoco i i 


The hypothalamus is important 
ry gland. It is also involved in regt 
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COORDINATION AND 


mperature, blood 


pressure, hunger, thirst, aggression, pleasu: 
$ at , > ’ re and £ 
thes Produces Sensation of pleasure, punishment or sexual arousal f 
_ Stim on. The hippocampus is involved in long term memory. v 
Mid-brain: c 
: In mammals, particularly in man, mid-brain is relatively very s ; 
receives and integrates sensory information like vision, odour as well as Sensory 1 
information from the spinal cord and relays them to fore-brain. En i 
Hind- brain: E ` 
The hind brain consists of medulla oblongata, cerebelluñ,\ pons and x 


reticular formation.Medulla oblongata has reflex centers for, Vital tasks like 
breathing, heart beat, blood pressure, coughing, swallowing , hi¢euping, sneezing, — < 
vomiting , digestion etc. Cerebellum like cerebrum is highly convoluted, It is 
involved in precision in muscular coordination, balance and position of the body in 
space. In comparison to other mammals, it is greatest in size in humans. 


Pons regulates activities like muscular coordination, facial expressions, 
breathing and sleeping. Reticular formation lies in medulla, pons and mid brain. It 
monitors the messages to which the nervous system should react and to which it 
should ignore. For instance, the mother will instantly awaken to her baby's cry 
while the father takes it as irrelevant stimulus‘$0 ignores and enjoys his sleep. | 


Brain- stem: 


The brain-stem consists of mid-brain, medulla oblongata and pons. It is 
involved in the control of sleep and wakening. From the evolutionary point of view, 
itis the oldest tissue. 


: Spinal cord: 


It is thick, whitish nérve cord that lies below the medulla and extends down 
through the neural canal of vertebrae upto the hips. Between the vertebrae, nerves 
called dorsal root, carrying axons of sensory neurons and ventral roots carrying 
axons of motor neurons arise from the spinal cord. Both of these merge to form 
peripheral spinaknérves. j 

Lead 


cs 


A epeh 


White matter 
Central canal 
Gray matter 


Spinal cord 
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_ Spinal cord serves as an e 
E 


; E xpress way for signals be 
tem and brain. Itis also 
“nervous SyS 


the control centre for many 
6.2 Peripheral Nervous System (PNS): 


In man, the 12 pairs of cranial nerves, which arise from ¢he brain and 31 
s of spinal nerves, which arise from the spinal cord constitute the PNS. The 
NS transmits signals between CNS and the rest of the body»Cranial and spinal 
nerves are further classified according to their function, 

p Hypothalamus 

Pri „autonomic control centré 


tween autonomic 
reflexes. 3 


Parasympathetic Sympathetic 


capsulated nerve endings. 


` 3.7.2 Working of sensory receptors in skin: 


n The nerves that are related to the skeletal muscles (volun 
constitute the somatic nervous system while the others that deal with s 
muscle (involuntary activity), heart and glands constitute the autonomic n, 
system (Fig 3.10). They deal with the internal organs of the body. 


Autonomic nervous system: It is further divided into parasympathetic , 
sympathetic nervous systems. 


Parasympathetic nervous system: It is formed by some of the cranial nerves 
vagus nerves and the spinal nerves arising from the sacral vertebrae. It promotes 
all the internal responses we associate with a relaxed state, for instance 
contraction of pupil of eye, digestion of food, slow heart beat, etc. 


Sympathetic nervous system: It also affects the visceral organs ‘but its nerves 
arise from the thoracic and lumber regions of spinal nerves. It produces the 
opposite effect on the visceral organs in comparison to thè parasympathetic 
nervous system. It prepares the body for highly energetic activity such as fight or) 
flight response. It increases the heart beat, increases the breathing rate, slows 
digestion, dilates pupil etc. by directing the release of epinephrine. 


RECEPTORS 


Receptors are either modified neurons,or epithelial cells which occur either 
singly or in groups with other cell types<for example in eyes. Receptors are 
considered as the receptionists at the front door of the nervous system, which are | 
Specialized to receive stimuli either fron? external or internal environments and 
subsequently relaying them in the form of impulse to the control centre of the 
nervous system. Since all stimuli represent some form of energy so a receptor acts 
like a transducer which converts different form of energy into impulse. The stage of 
awareness of stimulus is. callêđ sensation. In the control centre of the nervous) 
system, the impulses are converted into perception. | 


3.7.1 Types of receptors: 
Depending upon the type of energy detected by receptors, they can be 
classified into following groups. 


(i) Thermoreceptors : They detect changes in temperature. 
(ii) Chemoreceptors: They detect chemicals dissolved in fluid mediun 


surrounding them. 
(iii) Mechanoreceptors: They detect sound, motion, position in relation to 8 
touch, pressure. 

(iv) Photo receptors: They detect visible and ultra violet light. 
(v) Pain receptors : They detect tissue damage. 


In mammals including man, the skin contains receptors for at 


nsations of touch, pressure, cold, warmth and pain. ` 


E ifed broadly as those having free nerve endings 


ae "ie aa 


_ They are the simplest type, 

in epidermis or dermis. 

y are of different types and 

jnvolved in touch, pressure 
r echanoreceptors), pain 

ae iceptors) and heat and cold — fepareous 

(noci (oll) gland = 

ermoreceptor). All of these y 

be Hai / 

tecept a t wety slowly ‘to econ AN 


(ii) Encapsulated receptors: 
The nerve endings of these 


Ruffin's ` 


receptors are enclosed in capsule of end-organ 
connective tissues. Following Meissners e Pacinian tissue 
capsulated receptors lie in the skin. corpuscles" corpuscle 


Fig: 3.11 Body surface receptors 


The distribution of various receptors in the skin is not uniform. Regions with greatest 
number of sensory receptors are finger tips and tongue. 
a) Meissner's corpuscle: Abundant in hair-less areas of skin such as finger tips, 


lips, eye-lids, nipples, palms, soles etc, these ate sensitive to touch. Their capsules 
Consist of thick collagen fibers with spiraland highly coiled nerve ending. 


b) Pacinian corpuscle: In this corpuscle, the sensory nerve ending is surrounded 
in concentric, onion-like layers of membranes alternating with fluid filled spaces. 
These are located in dermis as wells in some internal organs and freely moveable 
joints. Pacinian corpuscles respond to rapid change in pressure associated with 


touch and vibrations. 


3.7.3 Working of sensory receptors with reference to arteries: 


Carotid arteries and aortic arch are very important in a sense that both 
Contain the most sérisory mechanoreceptor and the baroreceptors, which detect 
changes in the arterial mean pressure and pulse pressure and report any change 
tomedulla oblongata for proper regulation of blood pressure. 

The artic arch and carotid sinus contain another sensory receptor ec 
4ortic body and carotid body, respectively. Both of these are chemoreceptors whic’ 
Sesensitive to CO2 and H` in the blood. 


EFFECTS OF DRUGS ON COORDINATION 


drug is a chemical substance that provokes a spe 
in the body. Some drugs are useful medically to treat € 
Iness. Others act on brain producing artificial pleasure fea) 
different effects. They act as stimulants, dipe ante, e 
'ucinogens, psychedelics, etc. However, we s pee 


cific physiological 
al stress Or 


a 
EE 


5 
J 
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It is a drug found in tobacco. It acts as stimulant and is respon: 
dence on tobacco. It suppresses the action of acetylcholine anda 
stimulates a variety of sensory receptors. However, in habitual smokers the 
increases the heart beat, narrows the blood vessels (raises the blood press 
stimulates the nervous system, thereby reducing fatigue, increasing alertness 
improving the concentration. 


3.8.1 Some nervous disorders: 
Some common disorders of the nervous system are as follows: 


i; Parkinson's disease: 


i It is a brain disorder caused either by degeneration on damage to nerve 
tissue within the basal ganglia of the brain. The disease beginsas a slight tremour 
of one hand, arm or leg which is worse at the time when limbs in rest. Later, the) 
disease affects both the sides of the body and causes, Stiffness, weakness and 
trembling of the muscles. The intellect remains unaffected until late in the disease, 
although speech may become slow and hesitant’Ieodopa, which the body 
converts into dopamine is usually the most effective drug. It is helpful in 
Minimizing the symptoms but cannot halt the degeneration of neurons of brain. 


2. Alzheimer's disease: 

It is a progressive degeneration: öf neurons of brain (especially cerebral) 
cortex and hippocampus). It causes.dementia (loss of memory). The disease | 
progresses in three broad stages. At/first, the patient notices his forget fulness. In | 
the second phase, there is a severéloss of memory particularly for recent events, 
The victim also becomes disoriented as to time or space, losing his way even on 
familiar streets. Anxiety incréases with sudden changes in mood. In the third 
stage, the patient becomes<éverely disoriented and may suffer from symptoms of 
psychosis such as hallucinations (hearing voices or seeing faces when no one i$ 
there) and paranoid delusions (A fixed, irrational idea not shared by others and not 


responding to reasoned arguments). i 


3. Epilepsy: 
Epilepsy is a tendency of recurrent seizures or temporary alteration in 

or more functions. The seizures are transient neurological abnormalities ca 
by abnormal electrical activity in the brain. The seizures may be spontaneow’ 
due to some stimulus such as flashing light. The seizures may be gene! 
rtial . The generalized seizure is characterized by complete uncons' 
stiff body with twitches or jerks. In partial seizure, there is a momentary 
consciousness without abnormal movements. Anticonvulsant 5 


administered. ; 


XJ CHEMICAL COORDINATION 


Chemical coordination between different cells or organs wi 
sIlular animals is more primitive than nervous coordinat 
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a group of TF) 
_ ete ae Specific chemicals, which regulate 
e body of vertebrates, variou 
nsmitters, pheromones, horm 
ading discussion we shall consider 


the 


S types of signaling chemi 
ones are recogiiged, Hoved e 
aa hormones only. Cag 
H one ry product of endocrine glan i pecial 
pfcelis or ae teeta ae Te directly in pe Dora sateen to be 
i aol ere they affect particular target cells. A 


ame a profou: Ea EFNA 
behaviour, development, growth, o k Cone high, on an organism's activities 


F 3.9.1 Chemical nature: - ro) 
k Hormones are organi : ee o 
pene ing types: ganic molecules which can be dividedsehemically into 


3 hormones: They occur as short chain of amino aci i 
iy! 1 : ; l o acids (e.g: ADH, Oxytocin, 
etc)or as long chain of amino acids (e.g. Glucagon insulin, Prolactin, etc). The former 
are called peptide hormones while the later are called protein hormones. 

ii) Modified amino acids hormones: Few hormones consists of modified amino 
acids e.g. Thyroxine, Epinephrine, Norepinephrine: 

iii) Steroid hormones: These are lipid in, nature. Examples are estrogen, 
progesterone, testosterone, aldosterone, etcx 


3.9.2 Hormone action: 


It is to recall that why a horméne acts upon a specific cell and not the others 
even though it circulates in the entire body. Another question arises in mind how 
the target cell undergoes metabolic changes under the influence of a hormone. 


Two main models have been proposed to explain the hormone action. 
However, both models agree on the first step that the target cells have specific 
branes.The structure of receptor has 
fic hormone. Thus a cell will respond to a 
e receptor. The next stage --- the signal 


ding to this model, the 
nylate cyclase on the inner side 


serves as second messenger. It 
h bring about the appropriate response within 
i lecules have been discovered. 


ther model is related to the steroid hormones. Being fat soluble, they 

diffuse through the plasma membrane into the cell. So mo da not 
d messenger. In the cytoplasm they find specific recep 

the nucleus where the hormone receptor complex ve 

genes. Thus*under the instructions of gene, | 
z about specific response. as 


— = oe o 


WVW YOUU VE. CUMU VIULA D T ry TURCUUW 


Receptor protein 
in plasma membrane 


Adenylate cyclase 
TT 

‘tage 

; Receptor protien | 

Sincytoplasm f 


Enzymes 
activated | 
tend 


Schematic diagram showing how 


hormone such as adrenaline affects x : 
its target cell. & DNA 
$ in nucleus 


Fig: 3.12 


Schematic diagram showing how steroid i 
hormone such as progesterone is believed 
to affects its target cell. 


- 3.9.3 Feed-back mechanism: 


You are already familiar Stimulus: (+) 
with the concept of 5 feedback DAES ron a ; 
Í mechanisms in homeostasis: 1 
Likewise, hormonal secretion “is 5 } 
also subjected to feedback  Adrenalcortex ANTERIOR PITUITARY ; t 
mechanism. In case of any. change y 
in chemical information of the Pere t 
body, the feed backimechanism k 
comes into action and either g 
blocks or premotes further ; t 
change. The feedback is said to be ( CORADA : 
negative feedback if further site | 1 
secretion dfhormone is inhibited. scoot Z 
In positive feedback, an increase CORTISOL INCREASES h z 
in the concentration of a secreted Kidney i 2 
hormone facilitates the process of CORTISOLBLOcKs =s% 
its further secretion. GLUCOSE UPTAKE T 
Fig: 3.13 Location of the adrenal gl S 
3.9.4 Mammalian endocrine system with reference to man i 


-~ Mammalian endocrine system consists of pituitary gland, 
j parathyroid gland, pancreas, adrenal gland, thymus gland, pineal 
and patches of tissues in stomach, small intestine, liver, kidneys, ! 
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deed, very importan 7 
also serves as aes Be enon here is hypothalamus, a part of bra * 
‘Hypothalamus: j < 
It is an important part o , 
nervous and ehdocring ee moran whi 
ones called releasing and 8. Its 
ting hormones (factors), 
which regulate the release of 
hormones from the anterior 
pituitary gland. The releasing 
hormones stimulate the release 
of other hormones while the 
inhibiting hormones cause 
inhibition of other hormones 
from the target glands 
respectively. Some of its cells 
secrete antidiuretic hormone 
(ADH) and oxytocin, which are 
actually stored in their nerve 
- endings located in posterior 
pituitary gland. 


2. Pituitary gland 

(Hypophysis): Capillary bed A 

It is a small pea-size 
structure that hangs from the 
base of the brain. It is attached 
bya short stalk of nerve fibersto 
the hypothalamus. Formerly, it a9 
was called as master gland ituitary 
because of the influencé ee its ay 
hormones on other endocrine 
glands. However, now we know 
that it is itself under the 


Tegulatoryinfluence of 
hypothalamus. 


ophysis, each with a dif 
has an intermediate or median lobe also. 


or pituitary lobe secretions: - 
der the sae of hypothalamus, it produces its own hormonai = 

te other endocrine organa) aswel corto ormone 
roid stimulating hormo s ! juteinizin izing hormone ye which 


Š ing hormone (FSH), n 
ey ener cortex and gonads, respectively. 


ch serves as c cting 
onne link 
neurosecretroy cells produce 


pws 


Fig: 3.14 Anatomical relationship between 
the hypothalamus and pituitary gland 


Juding man consists of two 
and a posterior pituitary or 
n many vertebrates, the 


p 
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ant hormones of anterior lobe are somatotropin (Growth horm, 
STH/GH) and prolactin. STH affects metabolism in many tissues and 
secretions that influence growth of bones and soft tissues. Prolactin is best 
for stimulating and then sustaining milk production in mammary glands, 


The median pituitary lobe secretion: 


The median lobe secretes melanocyte stimulating hormone (MSH), v 
controls darkening of the skin in many vertebrates. In humans very little MSH 
uncertain function is secreted by the anterior lobe rather than median. 


The posterior pituitary lobe secretions: 


The hormones released from here are actually stored -secretion of 
hypothalamus. Antidiuretic hormone (ADH) increases reabsorption of water into 
the blood by the kidneys and therefore decreases urine output. The other hormone 
oxytocin stimulates contraction of the uterus during labour and release of milk) 
from the mammary glands during breast feeding. 


Some conditions related to abnormal pituitary output: 


i) Gigantism: It occurs due to excessive secretion óf STH during childhood or 
adolescence. The affected individual attains an immense height. 


ii) Acromegaly: In this abnormal condition, the over-production of STH occurs 
after adult-hood. As a consequence the bones;-cartilages and other soft tissues in 
hands, feet and jaws thicken abnormally. 


iii) Dwarfism: In this condition the height of person remains very short due to 
insufficient production of STH during child-hood. 


3. Thyroid gland: = 
The human thyroid gland is located at the base of the neck in front of 
trachea. It is bilobed and™butterfly like in structure. It secretes thyroxine 
(tetraiodo thyronine or T4), Triiodothyronine (T3) and calcitonin hormones. | 
Both T3 and T4 play an important role in controlling the metabolism of the es 
body. In children, they are essential for normal physical growth and mental be 
development. Too‘much or too little of these hormonal levels in the blood can result 


in serious metabolic disorder for instance in case of low levels of these hormones if 5. 
the blood(i.e hypothyroidism) results myxedema in elders which is characterize 
by an over weight, sluggish, dry-skinned, hair-losing, intolerant of cold, coni hs 
and depressed individual. Often thyroid is enlarged due to low intake of iodin' Pa 
~~ diet. This condition is called goiter. If hypothyroidism occurs in early > 
causes cretinism characterized by stunted growth, mental retardation and © Bi 
facial features. In case of higher levels of thyroid hormones in the 
hyperthyroidism is produced. It is characterized by protrusion of pas i wi 
(exopthalmia), increased heart beat, heat intolerance, high blood pres ac 
profuse sweating, and weight loss. a 


Raised blood calcium stimulates calicitonin secretion, which 
excess calcium to be deposited in bones. e 


C 


Oesophagus : 


al view of thyroid 
d Trachea < 


Ion 
Parathyroid gland 


Dorsal view of thyroid 


Exopthalamus 


Hypothyroidism Fig: 3.15 Thyroid glands 


. Parathyroid glands: 
These are two pairs of pea-size glands located dorsally adjacent to the two 
of thyroid gland in the neck. They release parathyroid hormone (PTH) in 
to low level of calcium in the blood. PTH increases reabsorption of 
nin the kidneys aswell as it induces demineralization of osteoclasts cells of 


release calciuanin the blood. 
G 


Most of <4 cells of pancreas are related to its exocrine function, ive. 
tches of pancreatic cells 


| igestive enzymes. However, there are pa 
of ee hich are endocrine gland. The islets consist of 
types of cell; alpha cells and beta cells, which secrete hormones 
insulin, respectively. Both of these hormones play role in regulating 

s but their effects are antagonistic. ae aa 
€ i to the decrease in blood glucose el 

i eh ye a consequence, the glycogen and amino 
the liver to bringits level back to the normal. 


to higher level of glucose in the blood. | k 
nape for uptake of glucose. It also ) 


F of proteins and fats as well as inhibits protein ae e 
t also stimulates liver and muscles to convert glucose into gly 
these activities, insulin lowers the blood glucose level. 


Deficiency of insulin may lead to a fairly common disease diabetes r 


in which there is a persistantly high blood glucose level. 
As a result of homeostasis mechanism excess glucose is excreted by 
kidneys in urine. The frequency of urination increases disrupting the water-so 
balance. As a consequence, dehydration develops and victim feels abnorm 
thirsty. Without a steady supply of glucose, the body cells start depleting their 
fats and proteins as sources of energy. It results in weight loss. Due to the break 
down of fats, ketone bodies accumulate in the blood, which turn it acidic. If 
contributes to water loss and alters the acid-base balance of the body. Such 
imbalances disrupt the function of brain and if persist may lead tod@eath. 


There are two forms of diabetes, type-I and type-ll. In type-I diabetes, the beta cells are 
destroyed by the lymphocytes. It is a consequence of an autoimmune disorder, frequently 
followed by a viral infection. Due to the lack of insulin, the patient is treated with insulin 
injections. In type-II diabetes, a more common type, the levélof insulin is close to or above 
normal, but the target cells lose insulin receptors so gradually do not take glucose. As the 
affected person grows older, less and less insulin is produged. It is manifested in middle age. 
The victims can lead normal lives by taking low-fat andNow-sugar diet and regular exercise. 
Sometimes oral drugs are administered to enhanceinsulin action or secretion. 


6. Adrenal gland: 
Adrenal gland lies immediately) above each kidney. Each adrenal gland 
consists of two parts, an outer corteṣand an inner medulla. 


Adrenal cortex: 

It works under the infltience of ACTH of the pituitary gland. It produces a 
number of hormones collectively termed as corticosteroid hormones that have — 
important effects on the body's metabolism. Important corticosteroids are as follows: 


Cortisol: © 
They capes Cor in glucose metabolism and are produced during anxiety; _ 


` fever and dis: is. Cortisol promotes the hydrolysis of muscle proteins to amino — 
acids whic ultimately broken down by the liver into glucose. It also reduces 
the inflammatory responses and pain. 
Over production of cortisol results in Cushing's syndrome characte! 
obesity, muscle wasting, hypertension and diabetes. Deficient produc 
hormones by adrenal gland occurs due to the destruction of adrenal gla 
known as Addison's disease, which is usually a consequence of autoim 
rocess. It is characterized by weakness, weight loss, low blood sugar and , 


blood pressure. 
Aldosterone: f : l 
; “Iti eases the reabsorption of Na and CI ions by the 
umeand bloodpressure; p oou i 
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tive te ann Maintaining the blood pressure. Duri 

j sodium level, the kidneys secrete an enzyme, the rennin, which cor uring 
protein angiotensinogen to angiotensin-I. The latter is converted Is 
Atl) i i in the lungs, which stimulates adrenal cortex to release aldosterone Ia 
. called rennin system. It affects the blood pressure in two ways, the an pies 
Soll hehe ‘at ie geri Causes increased absorption ji oda, 
onre Rained, el is high, water is reabsorbed, and blood pressure and blood 


Androgens: 
i The adrenal cortex also produces another group of corticosteroid hormones 
called androgens similar to testosterone (male hormone). It is sécřeted in both 
"sexes. Androgens cause development of secondary male charaétéristics such as 
“the growth of facial hair, deepening of the voice and increase in muscle bulk. 
Excessive secretion of androgens in female lead to, masculinization (e.g: 
appearance of beard) in ladies. 


| Adrenal medulla: 


| The adrenal medulla is under the influence 6fsympathetic nervous system. 
It secretes adrenaline (epinephrine) and nor-ađřenaline (norepinephrine) under 
onditions of stress to bring about fightor flight response in emergency 
Situations. They are also termed as emergency hormones. Epinephrine increases 
heart beat, blood glucose, breathing rate and metabolic rate. It constricts the blood 
vessels in intestine and dilates those of fhe muscles. 


Epinephrine is sometimes given by injection as an emergency treatment in cardiac 
arrest, aphylactic shock and acuteasthma attacks. ; 


Norepinephrine functions like epinephrine but its primary function is to 
Sustain blood pressure. 


7. Thymus gland: 

It is situated“in the upper part of the chest, behind the breast-bone and 
sists of two lobes that join in front of trachea. It secretes several hormones 
ing th in that stimulates the development and differentiation of T- 
es after they leave the thymus. The T-cells defend the body against 


and other infectious micro-organism. 


_ Pineal gland: 

is a tiny, cone-shaped body within the brain. It responds to soci 
of light and darkness as sensed through the eyes. It secretes meaa 
el of melatonin varies from day to night, and with the season. 10S 


the growth and development of gonads. eo 


or testes secrete androgens, the 
alates bones and muscles growt 3 
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= ii) Ovaries: The ovaries secrete estro 


l f aS, £ 
ae maintains female reproductive system and development 4 a 
a zeA an characteristics in female. Progesterone is primarily invoh 

ation and maintenance of the uterus, which sti 

development ofan embryo. » Walch-supports tie seta pet 

we 

es Comparison of nervous coordination and chemical coordina inl 

Similarities: a 

1. Both are means of coordination. n 

2. Both operate under the influence ofexternal or internal stimuli. | (i 

3. Both are involved in homeostasis. 3. 

4. Both secrete messenger chemicals in extra cellular fluids: | s 

Differences: ste 

Nervous coordination Chemical coórdination ani 
1, Faster response. 1. Slower reSponse. str 
2. Communication is electro-chemical. |2. Communication is purely chemical. | a 
3. Occurs by neurons. 3. Occurs by endocrine organs. pa’ 
4. Response is shorter in duration. 4,,Résponse is longer, mostly (i) 

irreversible. 

5. Secretory chemicals are released if ;|5. Secretory chemicals are released in ap 
extra cellular fluids. blood. E cf 
6. Chemical messengers 6. Chemical messengers (hormones) qu: 
(neurotransmitters) are short lived. are long lasting. (ii) 
ANIMAL BEHAVIOUR sti: 
The response ofan animalin relation to its internal or external environment | = 


is called animal behaviour. It describes the way that an animal is related and 
interacting with the environment. Most of its interactions with its environment (iii 
take place through the medium of behaviour. | 


It is a matter of common observation that the environmental conditions vil Pay 
constantly with place and time. Moreover, the internal physiological conditioni or 
animal are also subjected to changes. Thus in order to survive successfully, ti obj 
animals have to adjust themselves by making necessary changes a Ae 
behaviour in relation to the environment. Otherwise they are likely to be Be y: 

The scientific study of the nature of behaviour and its ecological liv 

„evolutionary significance in its natural setting is called ethology Mo : 
in ethology are closely related to the disciplines of genetics, physiology, = 


sychology. l A 
‘ Behaviour is based on feedback and upon machinery fon res} 
coordination that is nervous system and effector organs. P 


The concept of the genetic basis 
should keep in mind that many genes 
So as a customarily, behaviour is ide 
behaviour and learned behaviour. Alt 
animals do exhibit a range of activity in 


of behaviour is very simple, however, one 
are in fact influenced by the environment. 
ntified into two types: Innate (Instinctive) 
hough this division is not clear-cut since 
between these two. 

3.10.1 Innate (Instinctive) Behaviour: 


Innate behaviours are automatic, 
stereotype activities, which do not involve any learning. 


These behaviours are performed in reasonably complete form when an 
animal is exposed to the proper stimuli. Most instincts are adaptive in nature, and 
striking examples are web spinning of spiders, the communication of honey-bee, 
the smiling of a baby while looking at the face of someone, etc. Innate behaviour 


can be categorized into following types: Kinases;/Taxes; Reflexes and fixed action 
patterns. 


(i) Kinases: 


Itis an orientation behaviour in which animal exhibits random movement to 
aparticular stimulus. In this kind, the-rate of movement is related to the intensity 
of the stimulus rather than its direction. For example wood-lice move about 
quickly in dry conditions but slowdown and stop in humid areas. 


pre-programmed, genetically determined, 


(ii) Taxes (Sing. Taxis): 
It is another orientation behaviour, which is related to the direction of 
stimulus. The movement towards the stimulus is called positive taxis while away 


from the stimulus is negative taxis. For example, a moth flies towards the light is 
Positive photo-taxis. 
(iii) Reflexes: 

It is the-movement of a body 
Part, such as knee-jerk, blinking of eye 
_ & with-drawl of hand from a hot 
Object, etc. These are stereotyped, 


-Short-lived, rapid, responses mediated 
= Y nervous system. 


Fixed action pattern (FAP): 
„This kind of highly stereotyped 

ehaviour is triggered .or 
an external sensory 
ulus or 


> example is studied 
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e three- spined Stickleback fish which attacks other males that eni Bie 
territory. It was found that the releaser of the attack is the red belly of the int wa 
3.10.2 Learned behaviours: 2 
It refers to a more or less permanent change in behaviour, which occurs i (v) 


result of experience, It differs from the innate behaviour in being acquired © 
modified from experience. It permits an animal to adopt quickly to the changin, wa 


circumstances. There are different types of learned behaviour, such er 
habituation, imprinting, classic conditioning, operant conditioning , latent $ ; 
learning and insight learning. | A 
(i) Habituation: | fin 

It is the type of learned behaviour in which animal stops responding toa! pe 
repeated stimulus, which is neither beneficial nor harmful. It is the simplest typeof. A 


learned behaviour. For example, birds feeding along a road sideor perched on pole ti 
or tree along a busy highway habituate to the cars and buses passing at a few feet, ae 
city dweller people habituate to night-time traffic sounds;and country dwellers to 2 


the choruses of crickets and frogs. lat 

(ii) Imprinting: | (v 
5 It occurs during very early stage in the lifeof/ birds and mammals. During 

this period called sensitive period, the animal is primed to learn a specific) It; 

information, which is then incorporated into’an innate behaviour. The term de 


imprinting was coined by Konard Lorenz in 1930 while studying ducklings. He 2 
found that ducklings follow the first large, noisy, moving object they see after b 
hatching. There after, they will continue-to follow the same object even if their true pr 


mother is there. 3. 
(iii) Classic conditioning: 

In classic conditioning or se 
association conditioning “àn animal th 
learns to give a response to’an irrelevant De 
stimulus. It is associated with reward or = 
punishment. Ivan, Pavlov, a Russian re 
Physiologist, in 1902 performed classic 2< 
experiment on digestion in dogs. Pavlov S 
first placed dfièd meat powder into a z 
dog's mouth*causing release of saliva. 
There after, he rang a bell just before A) 
presenting meat powder. The process Bı 
was repeated several time. Later, the dog yo 
started salivating at ringing of the bell Fig: 3.17 Ki Bi 
rather than seeing the meat. Pavlov's experiment on conditioned refit m 
(iv) Operant conditioning (trial and error learning): D 

In this kind of learning an animal learns to associate one of i ra 
(such as pushing a lever etc) to receive an award or punishment. An A . 
developed a box called Skinner box Wi 


ist, B. F. Skinner ; 
psychologis 2 Eni { g with hungry pigeons or mice. Inside the 


experiments on co: 
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operated a food sup 
of food i Ply. Whe: 
was delivered. n the lever w. : 
ngry animals ier o Several accidental fae by the animal, 
Press the lever at the time of then tne the 
rent learning: e of their hunger. 


ability grate to find their 

dergroun nnels is ve oS 

cable. If a rat is placed fs 

jt was observed that using its 
ability, the rat very soon 

its way out of the maze without 

g rewarded at the end of the 

. So this type of learning which 

ot associated with a particular | 

ulus and is not normally 

ded or punished, but is : 

d in different situation at a 

er time is called latent learning. 


Insight learning (reasoning): 


Solving a problem without trial and error learning is called insight learning. 
Fis the most developed form of learning behaviour:.The classic experiment, which | 
monstrated insight learning was performedon chimpanzees. Presented with a 
inch of bananas hanging too high to reach and few boxes, some chimpanzees | 
ed up boxes to make a stand for themselves to reach the bananas. | 


3.10.3 Biological rhythms: 

< Some organisms do some acfiyities at regular intervals irrespective of the 
ason or day-length. This kind eftbehaviour is called time biology or biological 
thythms. It indicates the existence of a biological clock within the organism. 
nding upon the external.or internal regulating factors, the biological rhythms 
be differentiated into~exogenous rhythms or endogenous rhythms, 
ectively. The exogenous rhythms are controlled by external changes such as 
hour cycle of lightand dark. On the other hand, the endogenous rhythms are 
lled by biochemical and physiological changes within the organism. In fact, 
ber of examples of rhythms, it seems to be the blend of both exogenous and 
hythms. Some examples of rhythms are given below. 


rhythmical behaviour: 
g seasons: Many animals do not breed all the year round. They produce 
‘ones in season favourable for rearing and feedjng. 

ration: Salmons and eels migrate between sea water and fresh water 


‘once in their life cycles. A number of birds also have migratory life cycle. 
of the 24 hour cycle. 


Fig: 3.18 Example of rat maze 


ian) ryhthms : Animals are active for only part payee ght 


ividuals — 


some function at dusk or dawn (crepuscu 


some in the day (diurnal). ce 
s have studied human circadian rhythms by placing ini a 


p underground quarters, where they could make 


tik 


of about 25 hours but with much individual variations. 
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Two major types of control mechanism are found in living organism jg | 
chemical control and nervous control. 


Chemical messengers are called hormones and the plant hormones are 
called phytohormones. 


Movement occurs in response to stimuli. 
Tropism is the growth response which results in curvature of plant organs, 


In nervous coordination, communication takes place by electro-chemical | 
method. 


Nervous coordination is the fastest wayof communication. 
Aneuron consists of soma, dendrite;and axon. 


Automatic, involuntary responses under the influence of stimuli are called | 
reflex action. 


Cerebral cortex is the largest and the most complex part of human brain. 


3 
Spinal cord links autonomic nervous system with brain. 


Autonomic nervous system is differentiated in parasympathetic and | 
sympathetic nervous system. 


Parkinson's disease is caused by degeneration or damage to nerve tissue in 
the basal ganglia in brain. 

Neurotransmitters, pheromones and hormones have been recognized a 
chemical messengers. 

Responses of an animal in relation to environment are called 
animal behaviour. 
Innate behaviours are automatic, pre-programmed genetical 
determined stereotyped activities. f 


e the most correct choice: 
_ Myelin sheath is formed by 


a) Neuron b) Receptor 

c) Neuroglia d) T-cell. 

Depolarization and repolarizations of neurolemma occur during 
a) RMP b) Action potential co) 

c) Synapse d) None of these. Ww 


For the impulse to transfer from X 
presynaptic to post-synaptic 
neuron, the substance required is Re R è T 


< 


a) Sodium b) Potassium 
; c) Proteins d) Calcium 
” iv) Hypothalamus, amygdala and hippocampus are part of 
a) Limbic system b) Thalamus 
c) Corpus callosum d)-Réticular formation. 
$ v) Brain-stem consists of 


a) Thalamus-Hypothalamus-Midbrain 
b) Midbrain-Amygdala-Hippocampus. 
c) Midbrain-Medula oblongata-Hippocampus. 
d) Pons-Midbrain-Thalamus 
ADH and oxytocin are produced by 
a) Anterior pituitary b) Posterior Pituitary 
c) Pineal gland d) Hypothalamus. 
Adrenal cortex and gonads secrete 
) Cortisol b) Androgen 
_ c) Aldosterone d) ADH 
) Theimmune system is influenced by 
i b) Thyrotropin 
d) Triiodothyronine 


-jerk is an example of 
b) Reflex 
d) Insight learning 


_ Write detailed answers of the following questions: 


i) Explain the mechanism of development and transmission 9 
impulse. : 


ii) Discuss the anatomical and functional parts of human brain, - 
iii) Explain hormone action. : ¥ 
iv) Discuss the regulation of glucose metabolism in the body. 

v) Whatis learning behaviour? Discuss its various types with exampl 
Whatis innate behaviour? Discuss its different categories with exa 
vii) Explain the responses of the plants environmental stresses. 


Write short answers of the following questions: > t 
i) Write a short note on reflex action. j 
ii) Distinguish between CNS and PNS. 

Tii) Whatis areçeptor? What are the differenttypes of receptors? 

iv) Write short notes on Parkinson's disease and Alzheimer's disease, 
v) Distinguish between peptide hormone and steroid hormone, 


vi) Write short notes on gigantism; hypothyroidism, dwarfism and 
Addison's disease. 


vii) Distinguish between innate and learning behaviours. 
viii)  Whatis imprinting? 

ix) Distinguish between auxin and gibberellin. 

x) What are the 1sfand 2nd line of defence of plant against pathogens? 
xi) How plants respond to high salt stress ? 

xii) Why hightheat stressed the plant? 

xiii) How plants cope with herbivory stress? 

xiv) Why éthene is considered as fruit ripening hormone? 


xv) . plants cope with cold stress? 
Define the following terms: 


i) Phyto-hormone ii) Biological clock. 

iii) Circadian Rhythum iv) Photoperiodism i 
Myclin sheath vi) Nerve impulse 
Goitre viii) | Neuro Transmitter 

_ Meninges x) Receptor 
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4 We know that living things come from other living things and only life 
life. The older ones are called parents and the newly formed are called proge 

process by which living things produce more of their own kind is called reprod 
Reproduction is not only vital for the life of an organism itself but it is much 
important for the continuity of its race. It is the process of continuation of life 

fresh start. Reproduction performs yet another important function of transmig 
genetic information from one generation to the next. 


Through natural selection, over millions of years, a variety of ways evo 
in which organisms reproduce their own kinds. There are, however, two ma: 
Ways. Asexual reproduction which requires only one parent. It gives rise 
individuals by mitotic division. As a result of which offspring are morphological | 
and genetically identical. It takes place by number of ways i.e. by spores, buddi 
fission, vegetative propagation, apomixis etc. and the sexual reproduction which | 
requires two parents give rise new individuals by fusion of specialized cells called 
gametes. As a result of which variable offsprings are produced. It is also Proved in 
the light of Quranic verses. 


"O man kind! Be careful of your duty to your Lord’ Who created you froma 


single soul and from it created its mate and fram them twain hath spread ‘ 
abroad a multitude of men and women. Be carefutof your duty toward Allahin | 
Whom ye claim (your rights) of one another,-and toward the wombs (that bore 
you). Lo! Allah hath been a Watcher over you.” 


(Sura Al-Nisa 4, Ayah 1) 


Many plants are capable of both’ modes of reproduction, and each offers 
advantages in certain situations. Sexgenerates variation in a population, an asset 
in an environment. Another benefit’of sexu eproduction in plants is the seed, 
Which can disperse to new ldéations and can also wait to grow until hostile 
environmental conditions have improved. | 


An advantage of asexual reproduction is that the organism increases in 
number very rapidly which are morphologically and genetically alike to their | 
parent. This blocks the process of evolution and adaptation. It may destroy the 
survival of speciesat any stage. Man uses this method for the production of same 
type of crop or developing clones by tissues cultures. 

Mitosis is the basis of asexual reproduction. It is the process that occuls 
when a protozoan undergoes binary or multiple fission, when a bud develops in to® : 
branch and when new plants develop from vegetative organs like corm or b 
Mitosis ensures that the chromosome complement, and hence the gel 
constitution, of the offspring is the same as the parent's. 

In animals meiosis occurs in the formation of gametes and the sperm a 
ovum fuses to form zygote. This develops into an adult organism. In the p. ta 
fertilization the nuclei of the two gametes fuse to form the nucleus of the zygote 


A. REPRODUCTION IN PLANTS 
There are two types of reproduction found in plant i.e. Asexual and s 
reproduction. 
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Natural methods of asexual reproduction: 
Innature, plants reproduce asexually by following methods 


i (i) | By spores or sporulation: 


During alternation of generation plant produce haploi iosi 
divide further mitotically called spores. Thise cells ae AE 
structure without fusion with another cell. The process of formation of these 
unicellular spore called sporulation. These spore when detach from parent plant 
and given favourable conditions grow into new organism. Sporulation occurs in 
bacteria, protozoans, algae, fungi, mosses and fern as well!'4s in all plants. 


| A single mushroom may produce 500,000 spores a minuiéatthe peak of its production. | 


(ii) Vegetative propagation: 

In general, vegetative propagation inyolves the separation of a part of the 
parent plant which then develop into new plant. Almost any part, root, stem, leaf or 
bud may serve for this purpose. They arevoften highly specialized for the task and 
bear little resemblance to the original plant organs from which they evolved e.g. 
Potato is actually a modified stem. In\sbme plants, to ensure the continued survival 
T of favourable genotype, organs of vegetative propagation also act as perennating 
M Organs, which lie in the soil oven the winter. 

(ii) Apomixis: 

An entirely differént mechanism of asexual reproduction has evolved in 
dandelions and some,other plants, which produce seeds without their flowers 
fertilized. This asexual production of seeds is called apomixis. A diploid cell 
ovule gives rise to the embryo and the ovules mature into the seeds. Which in 
deli e dispersed by windblown fruit. 


_ Artificial method of asexual reproduction: 
Plant may asexually reproduce by different techniques. 


i lants 
ith the objective of improving crops, orchards, and ornamental plants, 
2 divides various methods for propagation of plants by vere 
Most of these methods are based on the ability of plants to 


shoot fragment includes a node, then adventitious root forms without a cal 

Some plants including bryophyllum can be propagated from single | 
rather than stems. For still other plants, cuttings are taken from speci 
storage stems. For example, a potato can be cut up into several pieces, each y 
vegetative bud, or eye, that regenerates a whole plant. 


(li) Tissue culture (test-tube cloning and related techniques): | 


J Agritechnologists have adopted test tube methods to create and clone novel 
plant varieties. By this method, a group of genetically identical offspring produced | 
by asexual method called clone. Ít is possible to grow whole plants by cul Ph 
small ex-plants (pieces of tissue cut from the parent), or even single-parenchyma 
cells, on an artificial medium containing nutrients and hormonesyThe cultured 
cells divide and form an undifferentiated callus, when the horfhénal balance jg | 
manipulated in the culture medium, the callus can sprout shoots and roots with 
fully differentiated cells. The test tube plant lets can then bẹ transferred to goil, 
where they continue their growth. A single plant can be ¢léned into thousands of 
copies by subdividing calluses as they grow. This methe@d‘is used for propagating 
orchids and also for cloning pine trees that deposit wood 4t un usually fast rates, 

k ineering in plants. Most 


Plant tissue culture also facilitates 
techniques for the introduction of foreign genes lants require the use of small 
Species of plant tissue or single plant cells.ag the starting material. Test tube 
culture makes it possible to regenerate genetically altered plants from a single | 
plant cell into which the foreign DNA has been incorporated. For example 


researchers have used recombinant DNA technology to transfer a gene for bean 
protein into cultured cells from a sunflower plant 

A techniques known as protoplast fusion is being coupled with tissue 
culture methods to actually divént new plant varieties that can be cloned. 
Protoplasts are plant cells that Have had their cell walls removed. Before they are 


cultured, the protoplasts can be screened for mutations that may improve the 
agricultural value of thé plant. It is also possible in some cases to fuse two 
protoplasts from different plant species that would otherwise be sexually 
incompatible and een the hybrid protoplasts each of the many protoplasts 
can regenerate a wail and eventually form a hybrid plantlet. One success of thi 
method has been’a hybrid between a potato and a wild relative called black 
nightshade. Red nightshade is resistant to an herbicide that is commonly used to 
__ kill weeds. The hybrids are also resistant and this makes it possible to weed â 
_ potato field with the herbicide without killing the potato plants. i 
l 


i _ Advantages and disadvantages of tissue culture or cloning: 

There are two main advantages of these forms of cloning, The first 

_ generation of plants for agriculture or horticulture. Vast numbers of plants © 

= grown in sterile controlled ensuring a much greater survival rate than seed 

plants. These plants can all be identical thus resulting a uniform crop. 

_ Another advantage of this method is that the stock plants, raised, 

are in sterile conditions, which are completely pathogen free when, plan 

hah ich they have developed defence mechanisms against any diseases. _ 
ae 


E 


A 
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ntage is the manufacture of = 

; u; i a 
ion of shikonin, a dye used in silk Hat arnie PE Pant gultur 
produced commercially, in the treatment of 


Sadvantages. Plants 
l A pro 
their chromosomes being stracturalty same 4 


SEXUAL REPRODUCTION 


= Sexual reproduction is a mode of reproduction i i ual 

S tuctio: of get ivi 

the fusion of two dissimilar sex-cells called male ies oF poe psy 
Re 


gamete or ovum as a result of fertilization. 
4.2.1 Different types of sexual reproduction in lower arid higher plants: 
j) | Isogamy (Isc = same, gamos = union): Y 
A simplest form of sexual reproduction during which morphologically as 
well as physiologically similar gametes fused to form zygote. 
ii) Anisogamy: 
| A kind of sexual reproduction during whith morphologically similar but 
‘physiologically dissimilar gametes fuse to form zygote. 
iii) Oogamy: 
A kind of sexual reproduction “during which two fusing gametes are 
T morphologically as well as physiologically dissimilar. 
iv) Heterogamy (Heteros = different, gamos = union) 


During a course of ey@ltition, a very successful mode of reproduction 
evolved in bryophytes in which there is small flagellated motile male gamete called 
Sperm fuses with large, non*motile food filled female gamete called ovum fuses to 


form zygote. j 
4.2.2 Salient features in the life cycle of gymnosperms: 
i) Thémiain plant is diploid and a sporophyte. 
ii) There is heterospory as two types of spores are produced. 
baa iii) She functional megaspore develops to form miniature female gameto- 
phyte which is permanently lodged within megasporangium (ovule). 
` Female gametophyte consists of two to five archegonia each having 
Single ovum. 
_ Each microspore develops into another miniature male gamstop ia 
-consisting of stalk nucleus, tube nucleus, two male gametes and pnt 
thallial cells within an elongated pollen tube. ‘a 
tion takes place within sporophyte. 
tilization, megasporangium gives rise to seed. 


pigeal germination to form new sporoP! 
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4.2.3 Sexual Reproduction in flowering plants: 

Flowers develop from compressed shoots with four whorls of modified leave, 
separated by very short internodes. These four floral leaves, in sequence from 
outside to the inside of the flower, are the sepals, petals, stamens and carpels 


(Fig: 4.1). 
Development of male gametoph: Development of female gametoj 
(Pollen grain) La i (Embryo sac) he 
Pollen sac 
(sporangiu 
Ovule 
Rj Sporangium, 
Microsporocyte in Megasporocyte 
MEIOSIS ey 
Microspores (4) RDN 
( fe: — Surviving megaspore 
A 
) Each of 4 microspores MITOSIS i 
4 Integuments ' 
\ Antipodal cells (3) 
Ovule A. 
p Laces Polar nuclei (2) 
Pollen grains } Ba 
7 Egg (1) 
d 
í Synergids (2) 
0 
; Fig: 4.1 


The stamens and carpels of flowers contain the micro and mega sporangia 
respectively, the chambers where micro and mega spores produce respectively: 
These spores develop into male and female gametophyte. 

The young male gametophytes are sperm containing germinated 
grains which form within the chamber of anthers at the tips of stamens. 
pollen grains after po 
male gametophyte. The female gametophytes are egg containing structures 
embryo sacs. Embryo sacs develop inside structures called ovules whic’ 
enclosed by the ovaries (the bases of carpels). Thus stamens and carpels are 
reproductive organs of flowers while sepals and petals are non-reproductive organs: of 

s evolved during the 130 million years 


Numerous floral variation 
flowers one or more of the four basic 


iosperm history. In certain 
angiosp BY carpels has been eliminated. 


etals, stamens and à 
Penan Bek between complete flowers those having all four organs and 
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example most cases 


‘King one or more of the four fl 
ete flowers lacking petals, For ee DN 


r These unisexual flowers are called st 
` : aminate or carp í 
set of o eotie organs is present. (If staminate ee mie pEi 


o different plants for exampl 
ple e palms. 
e carpellate (female) palms, cone date 


E Anther of stamen is microsporangium on maturation it Produces numerous 
microspores which develop into immature male gametophyfte i.e. pollen grain. On 

the other hand ovary of carpel having ovule which is basi¢ally megasporangium 

responsible to produce megaspore, which develop into female gametophyte i.e. 
embryo sac. 


Pollination: 


` Pollination occurs when pollen graingtélèased from anthers and carried by 
wind or animals land on the sticky stigma)(though not necessarily on the same 
_ flower or plant). 


For the egg to be fertilized, thé male and female gametophytes must meet 
and unite their gametes. The first step is pollination, the placing of pollen onto the 
‘sti of a carpel. Some plants including grasses and many trees, use wind as a 
)pollinating agent. They compétisate for the randomness of this dispersal by 

T teleasing enormous quantities-ef tiny pollen grains. At certain times of the year the | 
air is loaded with pollen as.any one plagued with pollen allergies can attest. Many - 
E e apens, however donot rely on the aimless wind to carry pollen but interact 

ith animals that egies pollen directly between flowers. 


$ pollination to insect pollination among the ancestors of the 
s an important element in the evolutionary success of the group. 


‘Pollination: 
__ Transfer of pollens from stamen of a flower to stigma of the same flower or 
rflower but present on the same plant. 


tion 
i f anther flower 
pollens from the stamen of a flower to the stigma o. 
plant for cross pollinations, two plants are needed. = 
£ f s Jp 
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: ensuring that sperm and eggs come from different parents. Dioecious plants 


course, cannot self-pollinate because they are unisexual, being either Staminate ‘at 
carpellate. In some plant with perfect flowers, the stamens and carpels mature m A 
different times. Many flowers that are pollinated by animals and structur. on 
arranged in such a way that it is unlikely the pollinator could transfer pollen l e 
anthers to the stigma of the same flower. Other flowers are self-incompatible: i 2. 


pollen grains from an anther happens to land on a stigma of flowers on the 
plant, a bio-chemical block prevents the pollen from completing its developmen; the € 


and fertilizing an egg. cell, 

i megi 

Self-pollinated angiosperms are frequent where there is a strong selective pressure meg 

to produce large numbers of genetically uniform individáals adapted to particular | pesu 

relatively uniform habitats. mass 

| game 

Pollen tubes grow down the carpels and discharge sperminto embryo sacs, a? 

resulting in the fertilization of eggs. Each zygote gives rise toan’embryo and as the R 

embryo grows, the ovule develops into a seed. The entite ovary, meanwhile, tie é 
| 


develops into a fruit containing one or more seeds, depending on the species, | mdt 
Fruits, carried by wind or animals, help in the dispersal of seed. If deposited in 


sufficiently moist soil, seed germinate; that is 3. 
their embryos start growing into seedlings, a Stigma — #5 Pollen gran 
) new generation of flowering sporophytes. if | 
Role of pollen tube: Pollen tube | stigm 
Pollen tube acts as a 'vehiclé for 2 sperms he 
sperms’. The evolution of pollen. tubes pray 
parallels the evolution of seeds, The egg spe ee attrac 
produced inside an ovule is,wery well y. Poller 
protected in the ovule (megasporangium). It Ovary — the m 
is so well protected that a flagellated sperm Ovule EL Polarni | disch; 
would not have the slightest chance of even (containing embryo sac) Sac. Ç 
reaching an egg. This, obstacle has been Micropyle — EJ ZYgote 
overcome by the development of pollen tubes. nuclei 
i Development of male Centre 
gametophyte (pollen): ac, 4 
Within the micro sporangia op dos 
(pollen sacs) of an anther, diploid cells called x two 
microspore mother cells undergo meiosis, poby 
each forming four haploid microspores sb] 
(Fig:4.2). Each microspore eventually divides thos 
once by mitosis and produces two cells, a an SEE 
generative cell and a tube cell. The two celled agos 


is encased in a thick, resistant wall 
e ones sculptured into an elaborate 
pattern unique to the particular plant 
species. Together, the two cells and their wall 
constitute a pollen grain or immature male 
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aE ach TOS 5 
mature male aparte, T he tube cell forms Pollen bubs ‘fe es develop to form 
The generative cell divides to form tw, Sperms, So n1 > With nucleus at the tip. 
elongated pollen tube containing two mal A enk 


imetoph 


yte consists of 
oe 5 0 
es and tube nuc leu 


© gamet 
|! 2. Development of female 

: 

{ of 
aspore mother 


Ing four } 


cell, grows and then undergoes 


F 
» and its nucleus $ 


A A > times 
i 1 ght haploid nuclei. Membr: >s therip&rtition thie 
| mass into a multicellular structure called the ac, whai tition this 


embryo sac, wł s the female 
gametophyte. At one endv of the embryo sac ar ne cella: thae dt fema 


3. Double fertilization gives rise to 
J the zygote and endosperm: 


A pollen grain produces a tube at 

Stigma when absorb nectar that extends 

i down between the cells of the style toward the 
ovary (Fig: 4.3). Directed by a ‘chemical 
attractant, possibly calcium, thé<tip of the 
Pollen tube enters the ovary, probes through 
the micropyle (a gap in the integuments), and 

a discharges its two spermWithin the embryo 
Sac. One sperm fertilizes the egg to form the 
2ygote. The other combines with the two polar 
nuclei to form a triploid (3n) nucleus in the 
centre of the large central cell of the embryo 
"Sac. This cell will give rise to the 

, a food-storing tissue. The union 

9f two sperm cells with different cells of the 

, l “mbryo sac is termed double fertilization. 
Double fertilization ensures that the Salt 


e . Perm will develop only in ovules where =~ 
| the egg has been fertilized, thereby preventing Chet SE sina ae 
AReosPerms from squandering nutrients. A 
in double fertilization, the ovule develops elon 
ro a seed, and the ovary develops into a fruit Suspensor pacsen 
P pees the seed (or seeds depending on pras of a dicot plant embry? 


Ps 
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of the Mature Seed: 


maturatio: 
of its weight. The embryo stops gro 


the seed germinates. It is st ; 
peor by both. The embryo and its food supply are enclosed by 


med from the integument of the ovul 


= We can take a closer look at one 


of dicot seed by splitting open the 4D ae 


aut eg 


of a common bean (Fig: 4.4). At % pr: A 
stage, the embryo is an elongate (KM ima 2-7 
structure, the embryonic axis, \ r3 ae | 
4 ed to fleshy cotyledons. Below | ] y 


the point at which the cotyledons are | JEJ pe oe 

attached, the embryonic axis is called LE 

the hypocotyl (Gr. Hypo = under). The 
otyl terminates in the radicle, or 

embryonic root. The portion of the // 

embryonic axis above the cotyledons is 

the epicotyl (Gr. epi = on or over). At its pee 

Ue cfministurelsaves. shoot Relation between a pea flower and a fruit 
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PN 
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Ovary walt Z 


The seed of a monocot has a single cotyledon. Members of the grass family, 
including corn and wheat, have a specialized type of cotyledon called aseutellum 
(L. Scutell = small shield), a reference tothe scutellum's shape. The scutellumis i 
very thin, with a large surface area pressed against the en dosperm, from which the 
scutellum absorbs nutrients during-germination. The embryo of a grass seedis § 
enclosed by a sheath consistingof a coleorhiza, which covers the embryolic roat 
and a coleoptile, which cloaks,the embryonic shoot. i 


INFLORESCENCE 

It is the mode of(branching of floral axis having a group of flowers: The 
inflorescence may be racemose or cymose. In racemose inflorescence, main ax | 
called peduncle mtinues to grow. The flowers develop in acropetal suc : | 
and opening o er is centripetal. Whereas in cymose inflorescence, main axs | 
soon steps ng. The flowers develop in basipetal succession and opening Ý 
flower isc gal. 


4.3.1 Kinds of racemose inflorescence: 


Peduncle elongated: Raceme is an inflorescence in which flowers are 
and bisexual whereas in spike, the flowers are sessile and bisexual (amaran 


Catkin is another kind of inflorescence in which flowers are sessile and 
= (Mulberry) whereas in spadix, flowers are covered over by one or many large ? 
~ called spathes (Banana). 
a, 1 shortened: Corymb is an inflorescence in which flowers have 
lower having large pedicels and upper ones having S 
are of same length of appear to arise from common 
1 (corriander). $ 


pedicel 


us 
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mon) flattened pedunch e has a mass of small 
) orls of bracts at the base forming an 
oor ie nna of two kinds namely ray florets (marginal 

s (central tubular ones) e.g. sunflower, zinnia, 


Raceme of dwarf Gold mohar Spike Spikelet of grass) Female catkin of Mulberry 


Fig: 4.5 Raceme inflorescence 


elet Inflorescence: It is a kind of racefose inflorescence. There are three 
at its base called glumes. The lower two without flowers are called empty 
. The third glume has flower in its‘axil and called Lemma. Just opposite to 
there is small bractocole called Palea. Flowers, are covered by their 
ive lemma and palea. This typeof inflorescence is characteristic feature of 


‘Poaceae. 


Kinds of cymose inflorescence: 

us (Monochasial) ¢yme: Main axis soon ends into a flower and produces 

lateral branch-at a time ending in a flower. The succeeding lateral 
he same mode of producing flowers. If the succeeding 

ed on alternate sides, it is called scorpioid cyme (cotton, 

if the succeeding branches are produced on same side, it 


Ci 
eas, 
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Biparous (dichasial) Cyme: Main axis soon terminate into a flower and pro 
two flowers. This mode is followed by each succeeding flowers (Pink night-jasn 


4.4 SPOROPHYTE AND GAMETOPHYTE GENERATIONS ALTERNAT 
IN THE LIFE CYCLE OF PLANT 


In chapter 9 (class XI) you have learned about the life cycle of a flower 
plant from an evolutionary perspective. The life cycles of angiosperms and othe, 
plants are characterized by an alternation of generations, in which haploid (n) ang | 
diploid (2n) generations take turns producing each other (fig: 4.7). The diploig 
plant called the sporophyte, produces haploid spores by meiosis. Spores divides 
mitosis, giving rise to multicellular male and female gametophytes, the haploid. 
generation. Mitosis in the gametophytes produces gametes sperms and eggs, 
Fertilization results in diploid Zygotes, which divides by mitosisvand form ney 
sporophytes. Fig 4.7 follows the main stages of the angiosperm life cycle. In 

angiosperms, the sporophyte is the dominant generation in the sense that it is the | 
conspicious plant we see. Gametophyte became reduced during evolution to tiny 
structures totally contained within and dependent upontheir sporophyte parents, 


Germinated’pollen grain 
(male gametophyte, n) 
on stignia of carpel 


© — Anther at tip of stamen 


Mature 


sporophyte (2n), | Hl \ Ovary 
plant with flowers | Hk \ RA 
< i Ovule 
JA 


FERTILIZATION 


— Egg (n) 


i ~Sperm (n) 
‘ of 7 
Zygote (2n) 
Sporophyte (2n) a 
seedling i 


Embryo 
(sporophyte, 2n) 


—— Embryo sac 
(female gametophyte, n) A) ' 


nN 


Seed 
G C) qen 
Gemina @: Seed 


(develops from ovule) 


Fig: 4.7 Overview of angiosperm life 


Ay ROULUDE CONMVCIMIVDOATIDITTFUIURCUUUIUNRS 
a 103 
Jj SEED DORMANCY 


f ormant mean i : 
"stage, as as dormant decd teat esting. Biologists use the term for a life cycle 
~ and developing. a very low metabolic rate and is not growing 


the saps. spring. This assures a 
S Tore ry small seeds, such as those of some 
eer padure light for germination and will bréak dormancy only if they 

enough for the seedlings to poke through the soil surface. Some 
seeds have coats that must be weakened by chemicalattack as they pass through 
an animal s digestive tract and thus are likely to be Carried some distance before 
germinating. 

The length of time a dormant seed. remains viable and capable of 
germinating varies from a few days to decades or even longer, depending on the 
species and environmental conditions. Most seed are durable enough to last a year 
or two until conditions are favourable for germinating. Thus, the soil has a pool of 
ungerminated seeds that may haye;accumulated for several years. This is one 
Teason vegetation can come back’so rapidly after a fine, drought, flood or some 
other environmental disruption, 


Seedless fruit-parthenocarpy: 

In some plants fruit formation takes place without the process of 
pollination and fertilization such fruits are always seedless and described as 
parthenocarpic fruits (parthenos = virgin; carpic = pertaining to fruit) 
parthenocarpic frbits are quite regularly produced in such cultivated plants as the 
banana, pine-apple, some grape and orange varieties. i 

Treating unpollinated flowers with some phytohormones like indole acot ana 
(IAA) can induce parthenocarpy. Horticulturists to bring about a good crop 0 k 
commonly use it. It is thought that under natural conditions the devel em ryo 
itself produces the hormone that stimulates the ovary to develop into the 


Germination: aia 
‘It is the condition of breaking of dormancy of seed to ee edlin; ; 
7 ic 1 is the start of the life ofa new young plant. per rn = nate ways 
5 } i : = h) is a nate 
Epigeal germination (Epi = Above; Geos = Eart f rminati 
g which S Diedons ni Pried above the soil due to rapid growth 
the region of the axis just below the cotyle 


dons). In most cases 
come up above the soil, they become flat, green ar 


geal germination (Hypo = Below; Geos = S 
n during which cotyledons are seen to remain inside the soil. It is 
growth of epicotyl (the region of axis above the cotyledons) e.g. Maize- 


„ gram etc. TOES 
Viviparous germination is a type of seed-germination in which see | 
p g ched to the parent plant and nourishes 


_ germinates inside the fruit while still atta 
‘by it. The radicle elongates, swells in the lower part and gets stouter. Due to 
from the mother plant, falls vertical 


increasing weight of the seedling. It separates : 
in the soft mud below and gets embedded and start growing. 

This type of germination is found in those plants, which grow in salt lakes, 
marshy places and coastal regions e.g. Rhizophora, Coconut, Palms ete. 1 


TRANSITION TO FLOWERING STAGE 


From seed to seedling: 

Germination of seeds depends on imbibition. Imbibing water causes the 
Seed to expand and rupture its coat and also initiates fáetabolic changes in the 
embryo that cause it to resume growth, enzyme begin digesting the storage 
materials of the endosperm on cotyledons and the nutritrient are transferred to the 
growing regions of the embryo. 

The first organ to emerge from the germinating seed is the radicle, the 
embryonic root. Next, the shoot tip muGt~break through the soil surface. 
Stimulated by light, the hypoc ebtens, raising the cotyledons and epicotyl, 
Thus, the delicate shoot apex and b s are pulled above ground. The 


€picoty! now spreads its first foliagé taves, which expand, become green, and 
‘begin making food by photosynthésijs. The cotyledons shrivel and fall away from 
the seedling. 

Germination of a planf\seed, like the birth or hatching of an animal, is @ 


Critical stage in the life cycléNThe tough seed gives rise to a fragile seedling that will 
be exposed to predators, pårasites, wind and other hazards. In the wild, only 4 
small fraction of seedlings endure long enough to become parents them. 
Production of enormous numbers of seeds and fruits compensates for the odds 
against individualSurvival and gives natural selection ample material to screen for 
the most successful genetic combinations. However, this is a very expensive means 
of reproduction in terms of the resources consumed in flowering and fruiting: 
Asexual reproduction generally simpler and less hazardous for offspring tha” 
sexual reproduction, is an alternative means of plant propagation. 


After germination, phase of primary growth occurs by the activity of prima 
meristem through mitotic cell division. Young seedling becomes young plant, he 
soft stem and leaves. Some plants undergo to secondary growth as result of whi 
they increase in their girth. These growth regulated by some hormones especialy | 
‘Auxins upto stipulated time. Then other hormones become activated to prod e 

reproduction parts at plant i.e. flower especially the hormone floregien. 
[Annual plants complete their whole growth cycle within a single year. Biennial plants | 
| only once, after two seasons of growth. Perennials, which may be either herbaceous or 

flower repeatedly once they begin to do so and live for an indefinite period. n 


| 


oy a 
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IZATION 


jes having advantageous effects of temperature on the growth of 
temperature plays another role i.e. pernalieelion which may Be defined 

tion of flowering by a cold treatment given to the imbibed seeds or young 
The effect of low temperature treatment applied in the earlier stages of 
ment has an after-effect on the later stages of the development of a plant. 
plants require cold treatment for germination e.g. pine seeds will not 
ate if not exposed to cold temperatures. Moreover, many cereals like wheat 
exist in two varieties or races, the annual or spring and biennial or winter 
iety. The annual or spring variety is sown in spring and flowers in summer of the 
year. The biennial or winter variety is sown in fall and the yieldis obtained in 
summer of next year. If the seeds of this variety are sown in spring, the plants 
do not flower and yield no seeds. It appears that low winter temperatures are 
“necessary for the development of ears (seeds) in the winter varieties. Similarly a 


biennial, like turnip, sugar-beet, will not produce flowers/if not exposed to cold 
winter temperatures. 


The work of Gassner, Lysenko and others in’Russia showed that if the 
“seeds of winter wheat varieties, which are just--beginning to germinate, are 
subjected to low temperatures of 0.5°C for a few weeks and then sown in spring will 
bear the fruit in the same year. In other words, “they will behave like the spring 
Varieties. Similar effects of low temperatures treatment have been observed in 
other biennials, e.g. sugar-beet and carrot. This phenomenon, which shortens the 
egetative period and hastens flowering,is*known as vernalization and has found 
t application in Russia and othér countries in the improvement of crop 
ction. It is now understood that ertain physiological processes are triggered 
by this phenomenon, which inducéflowering. 


PHOTOPERIODISM 


In general terms, this is the influence of the relative lengths of day and night 
the activities of an organism. Although the best known example is flowering, 
y other responses*in both animals and plants are regulated by day length i.e. 


ation of the photoperiod. 
On the s of their differing responses to light and dark, flowering plants 


e divided into three groups. 


Those require long days and short nights, long-day plants, for example, 
S, Spinach, radishes and lettuce. Long-day plants flower only when the 
exceeds a certain critical length in each 24-hour cycle. This varies, but 

S about13 hours to 14 hours. 


e that require short days and long nights, short-day plants, for 
anthemums, poinsettias, cocklebur. Short-day plants flower only 
od is shorter than a critical length in each 24-hours cycle, For — 


2 hours. i 


€ indifferent to day-length, day-neutral plants, for exam 
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From the leaves, the message is transmitted to the buds where flows | 


formation is initiated. That the message takes the form of a hormone has 5 

demonstrated by indigenously grafting two short-day plants together. A lan 
which has been allowed to flower by exposure to short days is joined to a t 
plant which has been prevented from flowering by being kept in long-da 
conditions. The result is that the latter blooms. The hormone has been nama 
florigen, but so far it has not been isolated. a 


4.8.1 Mechanism involving light quality and biological clock: 


To measure daylight, a plant needs some sort of metabolic clock to measure 
time (how long it has been light or dark) and light detecting system to set the 
clock. Virtually all organisms have an internal biological clock that in some way 
(usually poorly understood) measures time even without environmental clues, 
However, environmental clues, and particularly light, can reset.the clock. 


4.8.2 Flowering hormone florigen and phytochrome: 


Many plant processes are influenced by light. Before a plant can respond to 
variations in light intensity, duration or wave length-it must first detect these 
changes, some form of photoreceptor is necessary“if a relationship establish 
between a pigment called Phytochorme and a: number of light induced plant 
responses. 

Phytochrome, isolated in 1960, exists ih two interconvertible forms. 

1) Phytochorme 660 (P®’): This absorbs red light (Peak absorption ata | 
wavelength of 660 nm) | 

2) Phytochrome 730 (P™): This absorbs light in the far red region of the 
spectrum (Peak absorptiomat 730 nm). 

Phytochrome comprises’ a protein and a pigment. It is distributed 
throughout the plant in minute quantities, being most concentrated in growing 


( 
tips. The action of two forms are usually antagonistic i.e. where p*® induces & ' 
response, P™ inhibits it. The various effects of the two forms are listed in table. E j 

C 


Table 4;1 Summary of the effects of red light and far-red light 


Redlight effects Far-red light effects 


Phytochrome 660 changes to phytochrome 730 Phytochrome 730 changes to phytochrome 660 
Stimulates germination of some seeds, e.g. lettuce | Inhibits germination of some seeds, e.g. lettuce 
(Lactuca) (Lactuca) : 
Induces formation of anthocyanins (plant pigments) Inhibits formation of anthocyanins 
Inhibits flowering in long-day plants k 
ke 
| è 
Maintain epicoty! (plumule) hook bend i 
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Most of the flowers are formed at this apex, experiments confirm that light 

lus is detected by the leaves. In some cases only a single leaf needs to be 

ected to the appropriate stimulus to induce flowering. A message must 

efore pass from the leaves to the apex. As plants co-ordinate by chemical 
, this message is assumed to be a hormone and has been called florigen. 


4.8.3 Invitro is fertilization of plant egg and its importance: 


: In vitro said to be a biological techniques or process; performed outside a living 
organism in an artificial environment created by means of scientific equipment. 


Early efforts in this field involved dissecting out whole ovules and placing 
them in a suitable nutrient solution. If this is done carefully, the egg (Zygote) within 
usually will develop into a mature embryo. When an ovule is taken froman ovary and 
placed in a nutrient solution, it exhibits complex nutrient requirements. 


Once the embryo is mature, it is autotrophic from that point on, it will grow 
and develop normally if it is simply kept at a favourable temperature and provided 
with water and oxygen. Earlier however, when it is still héterotrophic, growth and 
development will not occur, even if the embryo is supplied with sucrose and the 
necessary mineral nutrients. In addition young embryos will grow to maturity only 
if they are supplied with substances that the embryo needs to develop properly. 
The older an isolated embryo is, the better its Chances for normal growth and 
survival will be. 


Embryo culture techniques are important in the development of new crops, 
they allow the development of plants with a much wider range of genotypes that 
would be possible of the embryos remained attached and developed normally since 
the chances of survival for unusual genotypes are greater in culture. 


B. REPRODUCTION IN ANIMALS 


The process in which one or two parent organisms form a new individual is 
called reproduction. Reproduction unlike other systems of the body is not essential 
for the life of parent itself..An organism can survive well even without reproducing 
but if the reproductive function in all the members of a species stops and the new 
Ones are not produced, the whole species will vanish. 


There are a variety of ways through which reproduction takes place in 
S. These various patterns, however are classified under two main modes 
Asexual reproduction and Sexual reproduction. 


primitive method of reproduction by which a new organism is 

Ast one parent without the participation of mate, gamete or 

€ offsprings produced by this method are the exact copies and thus 
ents and no variations are seen because all the offsprings are 

l to their parents. 


ive 
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Asexual reproduction occurs in many ways. The common types in animak 
are, however, fission, budding, regeneration and parthenogenesis. | 


Fission: This is the simplest method of asexual reproduction in which the 
body divides into two or more parts and each of which develop into a new 
individual. The process is called binary fission if parent body divides into two ang 
multiple fission if it divides into more than two daughter organisms. Fission jg 
common in many protoctists like Amoeba, Plasmodium, Paramecium. 


Budding: In this process, a small outgrowth develops on some part of the Parent 
body and is called a bud. The bud starts growing and when all the specialized cells 
and tissues are formed, it now looks like a small individual which breaks off, starts 
an independent life and grows to adult size. Budding is common in sponges, 


hydras and corals, being more common in species, which form large Colonies. 


l Asexual reproduction produces exact copies whereas sexual reproduction brings variety 


Tentacles 


Body Tentacles 
Bud 
IZ Parent 
Hydra showing butiding in Metridium A stage in longitudinal 
stages of budding binary fission in Metridium 


Fig: 4.8 


Regeneration: This is the process of re-growing the missing parts, which have 
been lost by accidént or when the animal is cut in laboratory. It is common 1 
worms where head end develops a new tail and the tail end develops a new head 
part. Same happens in many echinoderms. Because new organisms can be formi 
in this way, sometimes it is said that animals can reproduce by regeneration. 
Sponges, sometimes, undergo a similar process called fragmentation. In | 
this process pieces of parent body split off and grow into new complete sponges- 
Parthenogenesis: This is the type of reproduction which is neither strictly ase” 
nor sexual. Although like sexual reproduction gametes are produced but 5 
asexual reproduction it requires only one parent, a female, who produces Ke Some | 
develop into adult without fertilization. Parthenogenesis is common 
insects like honey-bees, ants and wasps. à f 
i i mon but recent technique of a special type e 
Cloning: Cloning is an uncomm q m \ 
w reproduction. Technically this is an asexual type of repro 
Lares 


E 


aO O <r 


MUDS :CONVCIVIVUAIDYFUILURECVUUU 409" 
of the new individual requires on] 
sas y one unfertili i 

iy the Silt clus oa somari cel TAES aet cake eee 
afemale where? RE ves like a fertilized egg and develops into an organism, which 
js an exact copy ot the parent who donated the diploid nucleus. i ECN. 

ey oo advantages and disadvantages. Advantages include the 
formation of exact replica of a parent and use of vital organs of clone for 
transplantation, better crops, selected livestock etc. and formation of i f 
near and dear‘ones. ad) 


Cloning of man will however lead to a numb iali icati i 

Clon: i l er of social implications like th 
determination of relationships of clone, like his legitimacy and Stak pasted 
ina muslim society and the fear of making many identical copies of criminals. 


The first cloned sheep was given the name "Dolly". | 


Twins: Twins are the two children which develop and are born together. Twins are 
of two types i.e. Identical twins and fraternal twins. Identical twins are exactly 
alike and of the same sex because both of them develop from just one zygote 
(monozygotic) which somehow divides mitotically into’two separate blastomeres, 
each of which develops into a new individual. Asboth of these develop from one 
zygote they share the same genes, and thusare of the same sex and exactly 
identical in features. Being the product of mitosis, identical twins are often said to 
have developed asexually. Fraternal twins.en the other hand are the children 
which develop from two independent eggs) As each egg is fertilized by a separate 
sperm they are dizygotic and thus the genotype of each zygote is different hence 
they are not identical and are said tobe the product of sexual reproduction. 


EG) SEXUAL REPRODUCTION 


Sexual reproduction™is the primary mode of reproduction in animals, 

though a few lower animalscan reproduce asexually. 

It is the type of reproduction which involves sex cells, the gametes. A male 
gamete, the sperm, firses with a female gamete, the ovum, to form a zygote which 
undergoes development and a new individual is formed. This type of reproduction 
involves two parents, a male who contributes the sperm and a female who 
contributes the ovum. 


4.10.1 Significance of sexual reproduction: 


Why sexual reproduction is the predominant type of reproduction anni 
animals? Even among animals that reproduce predominantly asexually do 
times switch over to sexual mode of reproduction. 


it of asexual reproduction where gene 
oe ny develops. > ten E on the other hena, proai 
of organisms because each organism develops Po teristics in a 
coming from different parents. This diversity 0! ara GONS | 
s a lot of organisms to adapt the ever-chane ae far tions 
animal. Thus the chances of survival ofa species are * more i 


0 DE tees veriatis help in the identification o 
ee hey se not eractiy alike as the case is 


ties of sexual reproduction: 


reproduction requires (i) Gametogenesis, (ii) Mating and 


i 
iii) Fertilization. 
P an 
` ‘ 
It is the process Beibrmetion of sex cells, the gametes. In all asinal species i 
Sponges, it takes place in special tere tive organs, thtgonads. Male 
e alid perm and female gametes are called ova or. Oxgs. Gametes are 
derived from the special type of cells called germ cells Iod¥ed in the gonads, 
| Et genesis is of two types, spermatogenesis ar idon 
we Gametes are always haploid that is with half the species ab War of chromosomes. 
5 jerm: : Itis a process of cell n bÁtich sp 1s are formed from i 
present in male gonads, the testes 4j¢rm cells present in testes first f 
transform mitotically into spermatogonia angen int o primary spermatocytes 
Pach primary spermatocyte divides, (®tioti two secondary 
spermatocytes which on their turn fÍ livid r genetically different 
haploid spermatids each of which ulm? into a sperm, The entire | I 


process takes about ten weeks to be emynpieted 
X . fi 


Oogon. » ti 
pons Q j 


Mating and fertilization: 


Mating is the process in which male and femal i i 

TOCES e contribute th 
the process of fertilization, formation of a diploid a and oA fate 
development into an offspring either inside the body of female like mammals 
including human beings or outside the body like fish, frog etc. 


Fertilization may be external or internal. 
External fertilization: 


; This is the process of fusion of a sperm and ovum outside the body of female 
in an aquatic medium. It is more common in lower animals and especially those 
that are sessile. During mating sperms and eggs are-discharged, at the same time, 
in water where eggs are fertilized by sperms. Among higher animals most of the 
fishes and amphibians like frog exhibit the process of external fertilization. 


External fertilization cannottake place outside water. 


Internal fertilization: 
In this case, the eggs arevfertilized inside the body of the female. Internal 
fertilization is a rule in all 
terrestrial animals though ay 
many aquatic species also TE | | 
exercise internal fertilization. 
As the eggs are protected © efferentia— 
inside the body ofthe female vasa 


and chances of fertilization are deferens 
much brighter, the number of Penis 


Lateral nerve Transverse excretory canal 


Lateral 
longitudinal 
excretory canal 


Uterus 


Fertilized egg 


F capsules 

eggs produced in such animals Genital 
is far less-than those who lay Feild é z d oake | Seni, 
their eggs in water. gonopore 00° Ie 
Sex types (Unisexual and Genital Ovarian bridge 
Bisexual animals): Most ofthe —P#"ll# oe 
animals have a distinct sex ante 
they are either male or female et Oviduct 
having testes or ovaries a PERET 
respectively. Such poan beta | ee 
which have only one type ie iia’. ashe 

Onads are said to be duct glai 


or dioecious OT 


gland sotun 
hrodite Fig: 4.11 Hermaphrodite organism f 
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RE Many invertebrates do not fit in this category and they are male 
_ female. In such animals, both the types of gonads i.e. testes and ovaries not 
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01 
develop but are functional in each of these individuals. Hence, they produce bot i 


sperms and ova. Such animals are said to be hermaphrodite or bis = 
monoecious. This is particularly true of worms and parasites like liver fluke ang tay 
worms. Though sperms and ova are produced in the same individual, even then in 
most of the hermaphrodites cross fertilization takes place that is their EBES are 
not fertilized by their own sperms but by the sperms of another individual and vice ve 
Under certain conditions like isolation self-fertilization however may take place. 


Oviparity: The female gametes called eggs or ova are produced in the Ovaries 
located inside the body of a female. In most of the animals the eggs are laid in their 
environment. Such animals are called oviparous. The eggs may have already been 
fertilized, before being laid, (internal fertilization) or fertilized after they are laid 
(external fertilization). 


Eggs of oviparous animals are usually large in numbers-and in terrestrial 
animals, the eggs are always protected by tough water proof shells, which are 
permeable to gases. Shells protect them from being dried.out. The eggs of aquatic 
oviparous animals being laid in water, are howeverj-covered over simply by 
gelatinous membranes. The eggs of oviparous animals are also large in size 
because they contain enough stored nutrients or yolk for the embryo, which 


as Wel] ay 


completes its development inside the egg before hatc 


hing out. 


Viviparity: The animals who don't lay eggs but retain them inside their body, 
where they are fertilized and develop, are called viviparous. These animals give 


birth to live young ones. Most viviparous animals, 
mammals in which needs of the developing embryo 


including human beings, are 
ike supply of food and oxygen 


and removal of the wastes it produces’ are carried out by a special organ the 


placenta. Placenta is the connection; which helps 


between the embryo and its mother: 


The viviparous animals™produce less num 


in exchanging the materials 


ber of eggs as compared to 


oviparous organisms. These.eggs require no shells because they are well protected 


inside the female body. Asthe developing embryo i 


care by its mother, with the help of its placenta, t 


hence are very smallin size. 


n viviparous animals is taken 
heir eggs need little yolk and 


REPRODUCTIVE ORGANS OF A HUMAN MALE 


The male gonads are a pair of testes 


(singular-testis). Though they develop 


inside the abdomen but come to lie, before birth, in scrotum a pouch of skin locat 


outside of the abdomen between the thighs. Since the sperms are unable t0 
devedlop at body temperature. This location keeps the testes cooler than the core 
of the body and provides optimum temperature for sperm development. The testes 


apart from, sperms produce testosterone hormone, which controls the 
development of secondary sex characters. S 
The testes are small, solid, oval bodies which are packed with tightly oa 


miniferous tubules. The cells of these tubules produce haploid sperms KE 
ais. The sperms thus formed are stored in an about 6 metres long, tubes 
the epididymis where they undergo complete development and become 


thin tube 
motile 
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nis forms a coil compact mass, which lies attach i 
Jeave epididymis through a duct called the vas delers na nar i 
The urethra is a tube, which comes from the bladder runs through and 
t the tip of a copulatory organ, the penis. The penis and scrotum 
ate the external genitalia. The urethra also called urinogenital duct is a 
on tube for the urinary and reproductive discharge. 
The male reproductive organs also include three type of glands whose 
secretion mixes with sperms to form the male genital fluid called the seminal fluid 
or simply the semen. This fluid provides the sperms with food and a medium to 
swim in. It also neutralizes the acidity of urethra caused by the passage of urine. 


Human testes are packed with about 500 seminiferous tubules which produce about 
30 million sperms everyday. 


Seminal vesicle 


Intestine 
ep Note column v4 


FH — Kidney duct 


) 
Å 
Right Kidneyf3—_ 
+— Bladder 


Seminal vesicle 
Prostate gland 
Cowper's gland 
Vas deferens 


Pubic bone Ureter 
-+— Prostate gland 
Sperm duct Bladder — 
Ji Cowper's gland 
| 
T Urethra’ Urethra — 
=! — Epididymis 


——+~— Scorium 


[AM — Testis 


— 5 Seminiferous tubules 


Fig: 4.12 The reproductive organs of a human male 


§P}REPRODUCTIVE ORGANS OF A HUMAN FEMALE 
è onads are a pair of oval, solid structures the ovaries, which are 
er part of body cavity. During ovulation one egg is released from the 
into the body cavity, which is immediately sucked up into an 


Oviducts are a pair of tubes, each opening on one side into the body aa 
near the ovary of its own side by a ciliated fallopian funnel for entry of ova. ste 
s open at their other end into a small pear shaped munia a 
sac, the uterus in which the embryo develops. The outer yee aw 
i i trium. At the bottom of uten é 

and the inner spongy endome pa ae 
g the cervix that leads into a muscular tube called vagina, n 


—— Intestine 
Vertebral column 
- Oviduct 


Right Kidney 


|___ Ovary 


Uterus 
_— Cervix of uterus 


par D y, j f /__} Vagina 


Urethra 
Anus 


Fig: 4.13 The reproductive organs of a human female 


FEMALE REPRODUCTIVE CYCLES 

Successful reproduction depends upon fertilization of the egg and 
development of zygote into a mature organism. Fertilization needs proper timing of 
release of gametes so that both sperms and egg are presént at about the same time, 


Oestrous cycle: 


Mature eggs contrary to the sperms are hot available all the time. They, 
develop as a result of special reproductive cycles and are viable for a very short 


span of time. 

During the breeding season, when eggs mature the hormonal secretion in 
females initiates certain behaviourialchanges, indicating their readiness for 
mating and they are said to be in heat, a period of sexual receptivity. This occurs) 
in a cyclic manner called the oestrous cycle, which may occurs only once a yearil) 
some mammals and in others twice a year and in some more often. | 


Oestrous cycle’ensures that mature egg is available for fertilization. 


The reproductive cycle in human females is brought about by an ovarian | 
cycle followed by amenstrual cycle, both of which are under the control of hormones | 


Ovarian cycle: 

At the onset of puberty (sexual maturity), in her early teen years, 
female has around 200,000 oocytes in each of her ovary. During a female 
years only about 450 of these oocytes develop into mature eggs. 

When female is about 50 years old, she reaches menopause, the € 
fertility. Human females do not undergo a seasonal oestrous cycle aS | 
mammals do, instead one egg is released from an ovary once about every 28 si 
This is often called ovarian cycle. Between the puberty and menopause ‘sally? 


the ovary undergo oogenesis and during each monthly ovarian cycle us ed 
single egg matures and is released fro ovulatee™ 


humal 
“a fertile | 


ndo 


m ovary. This is ovulation. The 


enters the oviduct where fertilization may occur. 


WOUWDVE.COMVCIVIVDUATDTFUIURCUUUTIUNRG 
115 


Follicle cells 


Primordial follicle 


Endometrium 5, 
— Cervix 


Rout of sperm Degenerated >, 


corpus luteum ` LD 
Reproductive organs of a human female i uu Day 20. 
Mature corpus 
luteum 


Day 18. al ig @ Discharged ovum 
Early corpus Ruptured follicle 
3 luteum 
Fig: 4.14 A schematic view of a cross section through an ovary 
showing the various stages in the development of oocyte and follicle 
_ Menstrual cycle: 
This is correlated with certain uterine changes.which occur to prepare it for 
a possible pregnancy; this ovarian cycle called uterine cycle. This monthly egg 
maturation. and uterine preparation is collectively called menstrual cycle (often 
‘called menses - month). Menstruation begins around the age of thirteen and stops 
at menopause around the age of fifty. 


| Menstrual cycle prepares the_uterus for a possible pregnancy. 


} The menstrual cycle is controlled by hormones and completes every 28 
days. It occurs in four distinct phases (i) menstruation or 'M' phase (ii) follicle or 'F' 
phase (iii) ovulation or 'O' phase.and (iv) corpus luteum or'L’ phase. 

Menstruation phase: 

Menstruation is the onsent of bleeding that is the discharge of blood and 
“debris of discarded tissue of the uterus through vagina. Menstruation takes place 
_ when the body becomes aware chemically that no fertilization or pregnancy has 
occurred following the last ovulation. The progesterone secretion is stopped by 
Corpus luteum and as a result, the soft spongy vascular internal lining of uterus 

endometrium breaks off and starts flowing alongwith blood, out of vagina in 
form of menstrual flow. The first day of menstrual flow is taken as the 
of menstrual cycle. The stage lasts about five days and extends from day 


i f 
hase starts just after menstruation and ends with the release o: 
s about 07 days (day 6 to 12). This stage stimulates the develope 
s in the ovary. Only one follicle, however, matures fo ne e 
cing follicle is sometimes called graafian follicle. | ae Te eee 
levelop and ultimately degenerate. This process is in mre 
ulating Hormone) secreted in blood from pituitary gland. - 
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lates the ovary to produce a hormone, of its own, called oestrogenfi 
; ting ovarian follicles. Oestrogen affects pituitary on one hand to inhi 
secretion of FSH and on the other hand initiates the thickening of uterine wal], i, 

FSH level and high oestrogen level in the blood initiate the secretion of they | 


- hormone LH (lutenizing hormone) from the pituitary gland. 
“a 
Ovulation phase: 

This short phase lasts not more than three days (day 13 to 15). During this 
period the graafian follicle of the ovary ruptures and the mature ovum is released, | 
This mature egg enters the oviduct. This stage is initiated by the increase of LH leve], 

Hypothalamus 
Hypothalamic secretions 
Influencing 

| 

Pituitary secretions | 
i 
Estrogen from LTH stimulates i 

follicle causes progesterone 

FSH to decrease secretion 1 
and LH to increase ( 

Influencing > 

Increasing level of s 
EAN ud follicle LH + decreasing level Causes of breakdown of corpus € 
growth and estrogen Of FSH induce ovulation luteum in human not established € 

secretion 
t 
V 
Ovarian changes 1 n 
Follicle Ruptured follicle | Corpus lateum Breal yoni tl 

Influencing A 
‘ Primary estrogen ; Primary Decreasin: 
<<) secretion ® progesterone secretion progesrane 
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Malnutrition, ill health, mental strain and 
atheletes cause hormonic imbalance, which dis 


physical strains as in gymnasts and 
cycle resulting in temporary or permanent infe: 


turbs or even stops their menstrual 
rtility on part of these women. 


HORMONAL CONTROL OF REPRODUCTIVE CYCLES 


i As studied earlier the reproductive cycle of human-females are co-ordinated 
and timed by hormones. At puberty anterior lobe of pituitary gland under the 
T influence of hypothalamus starts releasing gonadotropin hormones. These 


hormones are the follicle stimulating hormone (FSH) and luteinizing hormone 
(LH).FSH initiates follicle maturation and algo’ stimulates the secretion of 
oestrogen from ovary. Oestrogen in addition ‘to the development of secondary 
sexual characters also initiates the thickening of uterine endometrium and 
enhances the secretion of LH, which results in ovulation. As a result of ovulation a 
corpus luteum is formed and progesterone secretion starts. Progesterone prepares 
the uterus for pregnancy by making \the endometrium more thick, spongy and 
vascular and ready for implantation of embryo. So between puberty and 
Menopause the interaction of gonadotropins and sex hormones of ovary controls 
the female reproductive cycles. 


The hormonal system of a female is much more complex because she has the potential to 
develop a baby inside her body. 


ES CONCEPTION AND PREGNANCY 


In viviparou mals like human beings the egg is fertilized by -a-sperm 
inside the kay of fe male and is retained there for further development. 
lization in human being is more commonly called conception i.e., to cones 
_ â baby, After fertilization has taken place in oviduct, the zygote begins to divi i 
S a ball of cells called blastocyst, which travels down the oa ous 
the uterus to be embedded in its wall. This process is called inp ams 
marks the start of pregnancy. The period starting from cone on in é 

a baby is called gestation which lasts about 270 days in hum 


attaching the embryo to the wall of uterus i ca eS Taod vessels 
looks like a flat pie shaped structure. It has milton m the mother's 
art of the embryo's blood system. Food and oxyge i 
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blood vessels through the placental blood vessels diffuse into the embryo, Car \ 


dioxide and wastes from the embryo diffuse out through the placenta into 
mother’s circulation. The blood of mother and the embryo, however, never mi 
Placenta also secretes progesterone hormone for maintaining pregnancy, 8, 


Amnion: 

In reptiles, birds and mammals a clear extra embryonic membrane, | 
amnion, develops and surrounds the embryo. As its cavity becomes fluid filled itis 
called amnion sac or amniotic sac. The amniotic fluid keeps the embryo Moist ang 
by acting like a fluid cushion protects the embryo from any injury. Chorion and 
allantois are two other membranous sacs associated with most of the amniotic 
embryos. These membranes often called extra-embryonic coats protect the embryo 
and assist it in nutrition and excretion. 


Umbilical cord: 

A rope like structure formed from an extra-embryonic membrane the 
allantois, is called umbilical cord. It connects thexembryo to placenta. The 
umbilical cord contains blood vessels, which carry food and oxygen from placenta 
to embryo and CO2 and other wastes from embryo back to placenta. The umblical 
cord thus serves as a supply line between the embryo and its mother. 


b- , Chorionic villi (simplified) 
Umbilical arteries Umbilical vein of embroyo 


_ Maternal 


blood space y 
ai 
Si 


fess 


Fetus Umbilical Placenta 
cord 
A16 ; Fig: 4.17 Embryo in the uter? | 
Embryo, placenta and umbilical cord enclosed in amniotic sac 
| 4.16] if] BIRTH i f 
about sit 


After the gestation period, which in human beings, lasts ae 
months from the time of conception till the baby is fully developed and rea 7 ‘roth | 
born, the muscles of the uterus begin to contract and relax. bee 
contractions of the muscles of the uterus, called labour are the result of 
oxytocin hormone from pituitary gland. 


secretion of 
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W] TEST TUBE BABIES 


Approximately 10 percent of the cou 
ndition, called infertilit: 
ver, this is due to the blockage of oviducts s 


ples fail to Kave children. This 
ber of caul$es. In some females, 
o that. fè sperms cannot reach 
y a téehnique called in vitro 
ytes ate'sucked up from the ovary of 
e fertilized, outside her body in a 
atory dish, with the sperm taken from her.husband. Eggs thus fertilized in 
a few daysGn” the laboratory and one is then 
sferred to her uterus for implantation where it undergoes normal development 
lis born the natural way. 


| SEXUALLY TRANSMITTED DISEASES 


| Sexually transmitted diseaSés is a group of ailments that may infect a 
person during the sexual ‘contact with an infected person. A few of these 
d below. s 


norrhea: 


i ed by a bacterium Neisseria gonorrhoeae, which is 
TA E body rough cies contact, usually through genitals and oral 
The b cause wounds in genital tubes and the infected males 
e b sensation during urination with discharge of thick white pus 
female infectees oviducts become damaged and here 
can cause infertility in both males and females. An infec a 
these bacteria to her newborn baby while he or she is baai wnae 
s more often suffer eye infections and can become blind if n 


i These 
ma pallidum, 
aete bacterium Trepone’ a“: 


ctive organe bot f 
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Genital herpes: 
Genital herpes is characterized by painful blisters and ulcers on and aroung | 
rnal genital organs. It is caused by a virus called Herpes simplex, Sen, 

this infection from body fluids or genital fluida 
cations of this infection but the diseag, 


ee or newborn baby receives i 
se of antibiotics protect from the compli 


itselfis not cured. 
4. AIDS: 


Acquired Immune Deficiency Syndrome is a fatal disease of the recent time, 
caused by HIV (Human Immuno deficiency Virus). HIV infection destroys the | 
patient's immune system and exposes infected person to all type of infections | 
Gential and other body fluids are the major source of infection. Unsereened blood 
transfusions or reuse of syringe needles are also important’modes of its | 
propagation. Newborns can also become infected through placenta of HIV infected 
mother. The vaccine for its cure is not yet available though reséarch is on. 
_ To reduce the chances of the infection of these dangerous STD (sexually | 
transmitted diseases) both the husband and wife should restrict to each other. 
This is also in accordance with as per Quranic / Religious directions. 


Å NT 


Plants are characterized by an@ltérnation of generations. 
Flowers develop from compressed shoots with fi 7 i 

1 vith four whorls of modified leaves | 
separated by very short intenodes. i i 


The male gametophyte are sperm containi i i 
ne 1 ng pollen grains which form 
within the chamber of anthers at the tips of atonal The female 
gametophytes aréegg containing structures called embryo sacs. Embry? 
sacs develop inside structures called ovules, which are enclosed by the 
ovaries (the bases of carpels). s 
Dioecious (two houses) plants are analo d 

$ gous to th tes am 
ovaries on separate male and female animals. Date oan pan 
Pollifiation occurs when pollen grains are rel i 

z à eas arni 
by wind or animals on to the sticky stigmas at ae to y 
Double fertilization gives rise to the zygote and endosperm 
Reproduction is the process of continuit Pea jon afte! 
aion. y of a species, generatio. 
Animals reproduce asexually as well as sexually. 
Cloning is a recent but special type of asexu re roducti® 
which is still being worked upon. ol process 
Sexual reproduction takes place by the fusion of male and female gamete“: 
Ga nesis is the process of gamete development. Formation of SP 
is called spermatogenesis and those of eggs is oogenesis. 


++ 


į 


— 


rt enesis is a type of reproduction which requires 
a) One gamete b) Two gametes 


_ ¢) Two-parent d) No parent 


a 
+ 


Aclone exactly resembles with 
a) Mother b) Egg donor 

€) Diploid nucleus donor d) None of these 
Each primary oocyte ultimately develops into, 
a) One ovum b) Two ova S 
c) Three ova d) Four ove 


Nj 
| 


¢ 


End offertility in a human female is, Ar 
a) Puberty b) Ody: àtion 
c) Menopause di Merises 


Ovulation is initiated by (h@yrhone) 
a) FSH ~~ b) LH 
c) Estrogen K d) Progesterone 
Testes produce<> 
a) Estrogeny© b) Progesterone 
c) — d) Yolk sac 
which4né of the following in endocrine gland? 
aye: b) Spleen 
A d) Ovary 
gpregnancy the production of ova is prevented by 
b) Progesterone 
in d) None of these 
not + which stimulates release of eggis called 
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|) Type of sexual reproduction in which fusing gametes are morpholog 


imilar but physiologically dissimilar ; 
a) Isogamy b) Anisogamy 
c) Conjugation d) Oogamy k 
xii) The embryo of grass seed is enclosed by a sheath consisting gp 
coleorhiza which covers the 


a) Hycotyle b) Epicotyle 
c) Root d) Shoot 3 A 
xiii) A kind of inflorescence in which flowers are sessile and unisexual but 
not covered by spathe 
a) Raceme b)Spike 
c) Catkin d) Spadix 
Write detailed answers of the following questions: 
i) How male and female gametophytes of angiospermic plant develop? 
ii) Give the structure and mode of germination of a dicot and monocot 
seeds. ; 
iii) What is Asexual reproduction. Give various methods found in 
flowering plants. 
iv) Differentiate between asexual_and sexual reproduction. Describe 
any three ofits methods in animals. 
v) Describe with the help.of-simple diagrams the human reproductive 
organs. 
vi) What is menstruakcycle? Discuss its various phases and the events 
taking place in each phase. 
vii) What are sexually transmitted diseases? How do they usually 
spread? 
viii) Describe human male and female reproductive organs witha suitable 
diagram: 


ix) Describe the menstrual cycle. 


Write short answers of the following questions: 

i) What is a sporophyte? 

ii) What do you mean by gametophyte? 

iii) What do you mean by complete and incomplete flower? 
iv) What is the meaning of perfect and imperfect flowers? 
v) Explain the terms monoecious and dioecious plant. 

vi) Explain double fertilization. 

vii) Explain the term hypocotyle and epicolyte? 

viii) Whatis gametogenesis? What are their types? 


4. 


fe M Spermatogenesis and concn 1 
stes descends down in human male foetus be 
e following terms. 
i ii) Apomixis 
iv) Inflorescence 
henocarpy vi) Photoperiodism 
Parthenogenesis viii) Gametogenesis Gan 


4 ~ Oviparity x) Menopause K 
rstinguish between the following <> 
Racemose and cymose inflorescence) 


| Oviparity and viviparity 


HUPSWWWW.yOULUDE.COIc WG 


Every living organism after came into bei thi 
sm being as a single cell e 
passes through the phases of growth or development i mi ana 
% 1n or 
Paen rder to become 
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y aes f 
embryology or developmental biology. (tlt changes 
which undergoes through these changes is called elabi oe eee 
development results in an adult which resembles to its K ye anina 
ature free living larva. Whereas in plants developmen eae a, gy 
. formation of a seed which become a new plant as a result of andéther es aa d 
! rmination. When this miniature or small seedling comég`into eee a e 
phase of the life starts which is called growth. 4 bas 
Growth may be defined as “a permanent 
“shape and structure usually accompanied by < 
born becomes mature when it is passed 


irreversible increase in size, weight, 
oermanent change of form”. A new 
i through gfowth. 


I$ GROWTH AND DEVELOPMENT IMPLANT 


In lower plants the entire plant bodyn ay be capable of growth. In the higher 
plants, however growth is confined to. ertain regions called the growing points. 
These regions are called meristems\T xey consist of group of cells, which are 
tapable of division and giving rise)to new cells. These dividing cells are called 
T meristematic cells. The most important groups of meristematic cells are found at 
| the stem and root apices and constitute the apical meristem. Their activity results 
| in primary structure of a plahtor the primary growth. They are responsible for the 
increase in the length of the plant’s axis at both the stem and root branches. They 
are also responsible for the production of lateral appendages such as leaves and 
floral parts. In certai cases increase in length also takes place by the activity of 
ntercalary meristem. These are parts of the apical meristem which have beorri 
Separated from the apex by permanent tissues and left behind as the apic 


en of cork. Activity of these Sel rs 
and the secondary tissues of plants are 
tivity of lateral meristems is called secondary growth. . 

process of germination is also explain in Quranic ae pe 

(it is) Who splitteth the grain of oarn ana, ha 5G tone : 
He bringeth forth the living from dag 

rm the living. Such is Allah. How pare 


T- 
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b "And he is Who hath produced you from a single being, and (hath given you, i ot 
habitation and a repository. We have detailed Our revelations for q peopl, | 5 
who have understanding." i 
(Sura Al-An'am 6, Ayah 99) z 
5.1.1 Phases of growth: ph 
In lower plants (Bryophytes), growth simply involves the enlargem, i 
oct x n 2 A “ment ist 
cells followed by cell-division. In higher plants like angiosperms, increase in len 
takes place only at the apices of the roots and shoots, which can be recogni 
$ ia Enized ag for 
three regions exhibiting three phases of growth. a 
asim f Ly Epical meristem b) Root a the 
Leaf primordium Root hairs = = 4 sec 
i WE | sec 
Zone of cell division J ~ Xylem ste: 
S= Phioem| Zoneof phl 
| Vascular tissues | Zone of Paeroa oi 
beginning to from fik Ši caer 
| ince is 
| Epidermis } | pA i 
—1- Xylem Panett | elongation | y 
oe diferentiation EE (om of g 
($ | fibres | 1 Sin | Zone of Ext 
PCr } a Í cell division ligh 
| p Me wat 
+ Cambium Tera Root cap ij: | 5.2 
f Fig: 5.1 Longitudinal section of stem and root apices showing primary | ei 
growth and different growing zone in stem and root apices ith 
E The formative phase: 
This is restrictėd to the tips of roots and shoots, where the cells constantly | Te 
divide and thus incréase in number. The cells in these formative regions are closel | ‘Sh 
packed together. They have thin cellulose walls, dense cytoplasm and large nuclei ine 
2. Elongation phase: Soy 
This phase occurs immediately behind the formative region. The cells hen } ii) 
do not divide, but on account of their turgid condition they enlarge and elonsa => 
until they reach their maximum size. In the root, the region of elongation exten - the, 
over a few millimeters and in the stem over a few centimeters. Plac 
3. Maturation or differentiation phase: iRte 
This lies behind the region of elongation. Here the thickening of th ge phe 
walls takes place. The enlarged and elongated cells are modified into pe perto” inne 
ones, Thus in the region of maturation the cells become adapte | Teta 
different functions. | Bro 
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or primary gro a 
ts. How then is their girth ases the length of s lana 
na 1a to year? This is achieved by a 
’ sie efined as the increase Med during maturatio 

root due to activity of secondary meristem cali : increase in diameter of stem on 
MEg restricted to a series of small groupso foells ed cambium. Initially the daa 


À CONDITIONS FOR GROWTH 


Growth is brought about by cell-divisién; expansion and differentiation 
Any factor that directly or indirectly affects thése processes will influence the rate 
of growth. From study point of view, thes€factors can be external and internal. 
External factors include a whole host ofénvironmental influences; temperature, 
light, nutrient, oxygen etc. On the other hand internal factors may be hormone, 
T water, nutrition, vitamins etc. 


5.2.1 External conditions whith alter the rate of growth: 


Following are the maiiexternal conditions which alter the rate of growth 
either positively or negatively: 


i) Temperature; 
Most the enzynies work optimumly in between 25°C to 37°C. Therefore, 

Metabolic functions)of cell, formation of new protoplasm and cell-division rapidly 
‘takes place in between the range of this temperature. Normally rate of gowa 
“increases with the increase in temperature. At very high temperature the rate o! 
i growth stops and plant may die due to excessive transpiration or loss of enzyme. 

ii) Light: ; 
Light is the very important condition for the plant ston is ee i 
synthesis and action of chlorophyll without which photosynthesis 
ace. Usually, light affects the rate of growth in three ways. PE. 
í y of light: It affects the synthesis of chlorophyll and otber P the rate of 
‘of light destroys the chlorophyll which vlfimak y Te edh 
nthesis. The quality of light also has influence on gr ERE 
ours elongation of cells and blue light enhanc jet light 

enlargement. In the same way, ultraviole 
and retards the growth. 


= Duration of light affects the growth of vegetative and reproductive stru es 
e.g. photoperiodism in which light duration induces or suppresses the flowering. wa 
ud 
iii) Oxygen: ne 
rel 
Oxygen does not generally affect dira 
the growth of aerial parts of plants but it aes ; 
can have a profound influence on the ab ns 
growth of root( figure 5.2). de 
Indirectly the supply of O, is j : 
required for energy production by | 5.4 
respiration. Without O, no metabolic 5.4- 
activity is possible and no growth. A very 
high supply of oxygen however inhibit : 
growth by photorespiration which is a a 
wasteful process. Js 
roe cells 
Fig: 5.2 Effect af oxygen concentration | sam 
iv) Carbon dioxide: on the growth tomato root oe 
i stu 
Carbon dioxide is necessary for photosynthesis and food production. If this adul 
process will continue, more food and other compounds for the synthesis of new disct 
protoplasm will be produced. rege! 
v) Nutrients: 1 
y 
Efficiency and deficiency of different nutrients play an important role in the nn 
growth e.g. plants growing in nitrogen deficient soil cannot manufacture enough 
protein and show stunted growth and dévelopment. 
5.2.2 Internal factors: : 
Internal factors affecting‘growth include the relative quantities of different 


hormones present in the body and the genetic constitution of the organism. These 

two are connected in such a way that the genes influence growth through the 2 
intermediary of hormones, The hormones are also influenced by environmental 
factors. Plant hormones which affect the rate of growth are Auxin(Indole-acetic 

acid), Gibberellin and cytokinin. They are influenced by light, gravity, water etc. | 

We have already discussed the role of hormones in previous chapters. 3 


GROWTH CORRELATIONS 


The growth of a plant organ is related with the growth of other organs which 
takes place in different directions, this reciprocal relationship is known as 


correlation. 

Apical-dominance is the most important correlation found in plant, It's Ea 5, 
common observation that during growth of apical bud growth of lower axillary 9 it 
is suppressed. When apical bud is removed the growth of axillary bud is initiates 
means active growth of apices control the development of lateral buds. ine 
words, we can say that auxin is responsible for apical dominance a” wth of 
responsible for inhibiting the growth of lateral bud. The inhibition of 8f° d 


WOUMDE:COM/C/VIVUAIDYrTUTURCUUUGTUNGD 
id is called inhibitory effects 


“eee 3 : The re 
from apical dominance is called co moval of apex releases th 

t role in apical dominan mpensatory effects. cs the lateral 
y on the inhibited bud, it alleen” eytolkinin 


E] GROWTH AND DEVELOPMENT IN ANIMALS 
| 5.4.1 Process of development: 


Animals begin their lives as single, diploi 
i JA MEE e give tine men gle, diploid cells called zygote. How does this 


I tages of chick; the process of agin; 
regeneration and some abnormalities in development. 4 ee 


s Development of a zygote into adultinvolves a series of stages, which may 
varies in different animals, however thednain stages are basically similar in all. A 
broad outline of the early stages ofan animal's embryonic life can be represented as : 


1, Ova and sperms formation and maturation in female and 
male reproductive organs, respectively. 


2. Sperm fuses and introduces its nucleus into the ovum. 
Both sperm and ovum nuclei fuse to form a single diploid 


nucleus. 


3. Series of mitotic cell division, different daughter cells 
receive different regions of ovum's cytoplasm. 


4. Cell divisions, migrations and rearrangements produce two 


orthree primary tissues or germ layers. 


5, Sub-populations of cells are sculpted into specialized 


organs and tissues. 


maturity. 


6. Increase in the size oforgans toattain 


BSW. YOULUDE.COTT/C/IviL' DYru! UUW 
E. y GROWTHAND Deve o 
The steps involved in the development are irreversible and they ocer y B- 
ordered sequence one after the other. The life cycle of an animal can be gq: 0° 
_ any stage by an inevitable process, the process of development as describe 
verse of the Holy Quran. M the 36" 
"Verily We created man from a product of wet earth. Then placed himasq drop ter 
(of seed) in a safe lodging. Then fashioned We the drop a clot, then fashioneg pla 
We the clot a little lump, then fashioned We the little lump bones, then clo; cle 
the bones with flesh, and then produced it as another creation. So blessed be 
Allah, the Best of Creators! Then lo! after that ye surely die." | ou 
(Sura Al-Mo'minoon 23, Ayah 12.1 5 | tow 
| pis 
"Who made all things good which He created, and He began the creation of aise 
man from clay. Then He made his seed from a drought of despised fluid, Then the 
He fashioned him and breathed into him of His spirit; and appointed for yoy an¢ 
hearing and sight and hearts. Small thanks give ye!" mel 
(Sura Al-Sajda 32, Ayah 7-9) ome 
co. 
5.4.2 Development of chick: ee 
al 


In order to understand the patterns of development in vertebrates, we shall one 
take chick as a model which shares most of the developmental patterns with other occi 


vertebrates. the 
Egg: The egg of a hen is polylecithal type. In his type of egg, enormous quantityoi| blas 
yolk is present. It is released from the ovaty’as secondary oocyte with a diameter | the 
of about 3cm. The protoplasm is restricted to a very small area called blastodise or aL, 
€ 


germinal disc towards the animal pole, 


: i i t 
Fertilization : It is the process of fusion of sperm with the ovum to forma single ats 
diploid cell, the zygote. In hen, the loc: 
a ae ao : Calcareous shell Active cytoplasm (blastodisc) I 
the oviduct. The secondary Moy 
oocyte, during fertilization ers _ 
undergoes second “maturation Á Hos 
division to become a mature is : 
ovum. It releases two polar Arepa za 
bodies, which degenerate later | ‘ 
on. The fertilized ovum, during its 7 
way through the oviduct, is et 
covered by albumen outside its net shel ue pias 
vitelline membranes. Out side the bie 
albumen, there are two shell ae pay 
membranes and hard, porous, membrane. White yolk Yellow yolk Atth 
roteinaceous calcareous shell. 

This fertilized egg is laid 24 hours Fig: 5.4 y 

pie Diagrammatic longitudinal section ofa pens 


after the fertilization. 


Tes 
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-38°C either naturally by the 
ature, the complete develop: A 
in twenty one days. 


blastomeres are formed. The rest of 
the cleavages are irregular and 
T completely delimited cells are formed 
Tall over the germinal disc which is 
termed as blastoderm. This out come 
of cleavage called cytoplasmic ; 
localization helps seal the Twenty cell stage Alate cleavage stage 
developmental fate of each cell's | Fig: 5.5 Surface view of germinal disc 
descendants. of hen's egg showing early cleavage. — 


Morula : 


As a consequence of cleavage, 
closely packed blastomeres, which res i 
Morula. It is avery short lived stage so changes into 


the embryo becomes a rounded mass of 
embles a mulberry and therefore is called 
the next stage called blastula. 


k fluid-filled cavity, the 


i embryonic stag saf m 
segm E cavity or the blastocoel. In or it appears when 
blastodermal cells split into two layers, the uppaa e iblan 

Poblast. In between these layers , the pasna ann rs 
oderm lie unseparated from the yolk and orni e 
, While the central region is termed as area pe j 


stage followed by blastula is called gas 


formation is called gastrulation. 
- During this process, besides cell 
division, cell migration and their 
rearrangement at definite locations 
in the embryo occur. These cells 
begin to differentiate into definite 
layers, the ectoderm, the mesoderm 
and the endoderm. 


All the cells of avian embryo 
come from epiblast. This type of 
gastrulation involves archenteron 
formation without invagination. 
The cells of presumptive endoderm 
and presumptive mesoderm 
present in epiblast move toward 
midline of the blastodisc then 
detach and move inward towards 
the yolk. As a result of media 
Movement on the surface and 
inward movement of cells at the 
blastodisc middle, a groove, the 
primitive streak is produced. It 

has a swelling at its anterior en 
called primitive knot or Hensen's 
node. As more cells are added, the 
primitive streak elongates. It is 
functionally equivalent to the dorsa: 
lip of blastopore in frog. 


Endoderm formation : 

Some cells of *epiblast 
migrate through ‘the primitive 
streak to move down ward mingling 
with cells of hypoblast, which 
contributes ho’cells to the embryo 
primitive streak and is required 


segregating from the endoderm, the hypoblast cells form portion of 


surrounding the yolk and a stalk con 


Mesoderm formation : 

_ As soon as the endoderm establishes, the remaining cells of the primitive 
streak begin to migrate laterally into the blastocoele to form a new layer of cells a 
mesoderm. 


Epiblast Hypoblast 
Se 
Eset aah = 
RA 


Primitive 
>'streak 


Migrating cells 
(mesoderm) 


Endoderm 


Hypoblast 


Neural tube 


ps 
Notóchord Somite 


> 
Bastrocoele 

(Presumptive om 
archenteron) \ “@ 
a$ 


2s 4 
ress sean 


pocorn 


aaa | 
Fig: 5.6 


Cleavage and gastrulation in a chick embryo i 


Yolk stalk 


Form extra 
embryonic membranes 


. It seems to help direct the formation of 


for the normal development. Eventually: 
a sac 


necting the yolk mass to the embryo. 


apes differentiation of Mesoderm: $ 
primitive Streak, the cells of the primitive knot migrate 


into the sub-germinal cayi 
ee eneurel plate, ity to form a rod of cells, called notochord, which 


plate of the mesoderm is 


ñ layer and in i 
splanchnic layer. The space formed in betwe nrnna ee 
which soon divides into embryonic and e N ee is called coelom, 


Later, the somatic layer fuses with the 
s > i ectoderm and the-splanchni 
with endoderm to form somatoplure and splanchnopleure, epectively mes 


Ectoderm formation: 


The remaining cells of epiblast after the migration of mesoderm form the 
surface layer or the ectoderm. 


Neurulation: 


During the formation of notochord, some of the ectodermal cells of area 
pellucida lying above the notochord divide*rapidly to form a neural plate on the 
dorsal surface of the gastrula. It takes about 18 hours after incubation of the egg. 
As the cells divide continuously, the neural plate sinks inside the embryo to forma 
neural groove along the mid-dorsal line: Both the edges of the neural groove move 


towards each other and fuse together to form a neural tube. The embryo is now 
termed as neurula and the procéss of its formation is called neurulation. It takes 
T about 24 hours after incubatiéb-of the egg. The neural tube later gives rise to the 
nervous system. 
Neural plate y (ga — Neural tube N 
aE ` s ra E ‘Heart a 
me £ ji A ~ Epidermal 7, $ rudiment i } 
4 ae | tube M \ 3 [ap 
Gut tube: { 4 | 
ds 
Notochord yz _-Somite ll >} 
“Here Wazi 
Hi ~~ SomitelV , s 


node 


e i 
3} Primitive streak ~f 
‘| 4 
H ? 
t ¥ whe 

Surface of embryo Internal 8 embryo Saes oto 1 
of 3t04 pair somite of sage pairs somite stage 


The study of the process of 
lopment has clearly indicated that 
the cells of embryo arise from the 
same fertilized ovum, so all of them have 
same number and kind of genes. 
However, from the process of 
gastrulation and onward some of the 
genes are activated and others are 
switched off, some even for ever. The 
process of selection of activation of some 
genes by a cell, (which are not activated 
by other cells of the embryo) is called cell 
differentiation. Once activated or 
inactivated in embryonic cells, usually 
those genes remain active or inactive in 
the descendents of the embryonic cells, 
for instance only the immature RBCs 
use the genes for the haemoglobin 


synthesis. A number of experiments- 


indicated that cells even after being 
differentiated, do not lose any of their 
genetic information. For instance, in an 
experiment, John Gurdon removed(thé 
nucleus from the unfertilized egg of frog. 
Then he obtained nucleus, from 
intestinal cell of a tadpole ofthe same 
species and implanted “it~into the 
enucleated egg. Surprisingly in some 
cases, the transplanted zygote 
developed into complete frog indicating 
that the nucleus of the differentiated cell 
usually does-not lose any genetic 
information an emain totipotent. 


5.5.1 Mechanism of differentiation 


Ooplasmic segregation 


Nucleus destroyed 


by radiation 


3 


~ 
N 
~ 
a 


< 
| 


gN 
Intesti 


transplanted into egg 


>_> 


Tadpole 


During the differentiation process, the genetic expression i 
influenced by the cytoplasmic chemical composition. Thus it is evident tha 
heterogenous organization of the cytoplasm in the unfertilized ovum is respon aaa 


cell nucleus 


In another experi- 
nt, they cut away the 
umptive notochord 
e and grafted it 
under the presumptive 
meaty ectoderm. 


urprisingly, the belly 
ctoderm developed into 
he neural tissue. 


From these experi- 
ments, they concluded 
at an embryonic tissue 
hiluences upon the other 
bryonic tissue through 
NMsmitting some 
stimulus, the 
y organizer.-This 
as 


? induction. 


W 


al tissue failed to develop at the ectop 


tthe exact nature of the Sp 
, the developmental Biologists h 
TS seem to play the role of organizers. 


LE OF NUCLEUS IN DEVELOPMENT 


onic induction and its mechanism: 


Spemann, a classical embryolo 
lleague Hilde Mangold i 


Presumptive nervous system from donor 


Belly. FPA of 
host embryo 


Dorsallip’ 
+ of blast0pore 


Presumptive-notochord from donor Belly region of 


| host embryo 


SS" 


A Induced neural plate 


Fig: 5.10 
Experiment performed by Hans spemann in 1924 


emann's organizer had not been clear. 
ave discovered that some peptide growth 


of cytoplasm was studied ina 
oid for its attachment tothe 
s terminal end. On the basis” 
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Med Cren 


Fig: 5.11 Hammerling's experiments on Acetabularia mediterranea mèd) 
and A. Crenulatam (Cren) 


It was found that if the cap is amputed, the stalk would regenerate a ne 
cap. Hammerling cut off the stalk containing cytoplasm of A, crénulata and grafte 
it on nucleus containing rhizome of A. mediterranea and viceversa. The caps ofthe 
Previous type were regenerated on both of the grafted stalked species o 
Acetabularia. It supported the idea that the process ofdevelopment of cap wa 
tegulated by the nucleus rather than the cytoplasm 


ROLE OF CYTOPLASM IN DEVELOPMENT 


The role of cytoplasm in controlling the process of development was mat 
clear by experiments on frog's embryo. The'unfertilized ovum of frog has an upp 
pigmented cytoplasmic half and a loweryolky half. After fertilization, just opposit 
to the point of entrance of sperm nucleus in the ovum, some of the pigments 0 
cytoplasm shift upward leaving behind a grey area in the form of a crescent called 
gray crescent. As a result of Normal j Experiment | 
first cleavage, the zygote pa ke Animal pole ———— 
divides vertically into two __— Gray crescent. DI 
small daughter cells through a — j 


the center of grey crescent. m o egtle 
Thus each daughter cell 


i 
| 
receives half of th&erescent. { l 
If the two daugħter cells are \ À 
carefully separated from i: 
- each other, n of them rd A 
: develops into a. normal Gray crescent divided 
tadpole larva. In an between cells 
eriment, Hans spemann 
(1930) misguided the normal ieee 
plane of first cleavage so one j 
of the two daughter cells if \ y 
received entire crescent while è 
the other non crescent. O 2s a 
_ Both of the daughter Two normal tadpoles Normal tadpole 
were separated and : 5.12 Distributi tating 
to develop. The cell Pa ran durt pe ma 


i ant ee i i y on the face, gene 
weakness, increase fat depositio sion, gradualdoss of mena ad Le E 


degenerative diseases such as 
sọ`ełÐplain this process in his o 
words that: ‘ gir 


"Allah is He Who shaped you out of weakness; then appointed after weakness 
strength, then, after strength, appointed weakness and grey hair. He createth 
what He will. He is the Knower, the Mighty.” (Sura Al-Room 30, Ayah 54) 


Despite lot of advancements)in Biology the exact cause of aging is yet 
unknown. However there are following interesting lines to think about. 


1l. Genetic origin: 

Experiments conducted by Leonard Hayflick and Paul Moor Head 
indicated that we are genetically programmed to age. They cultured normal 
embryonic human cells. It was found that all the cell lines proceeded to divide 
times, then stopped and then entire population died off. It implies that norm: 
Cells have a limited>potential of division. 


2. Gene mutations: 


____ During the passage of time due to the accumula 
Capacity of seit ae of DNA during its replication is oe Thae e: 
and gradually denatured by some free radicals. This 


quately functioning cells that cause the aging. as may liA 
It is observed that low-fat diet, aerobic, low- 
“some effects of aging. 


ion of gene mutations, the 
z R DNA is attacked 
gressively 


impact exercis 


i tabolic 
e enzymes that facilitate the mel oni 


elp keeping yOu 
ntaneous rate, samipi metabolic byproduct 


city to pi 
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GROWTH AND DEVELO 


ENERATION 


It is the ability of a living organism to reconstruct its lost parts of the 
ost all embryos of animals have this capability. However, some animals 
his power after maturity and adulthood while others lose it. It is much ņ 
common in invertebrates than vertebrates. Generally speaking simpler a $ 
have greater regeneration power than the advance ones. For instance, s A 
have great power of regeneration. An adult hydra or star-fish if chopped into ms, 
parts, each part can regenerate into complete organism. Among 
usually appendages can be regenerated. Salamanders and lizards can regenerate 
their tails. In birds and mammals regeneration is mostly limited to the smal 
wounds by the formation of a new tissue, sear. It seems that the Tegeneration 
potential is inversely related to the differentiation of cells. Thus thé greater the 
differentiation among the cells of the body, the lesser will be regeneration, 


ABNORMAL DEVELOPMENT 


Deviations in the normal structure and functionscof an organisms occur 
under unfavourable conditions during the embryological:development and are called 
abnormal development. The study of such abnormalities is called teratology, 

Although, the embryological development of an organism is a precisely 
controlled orderly sequence phenomenon, sometimes due to mutations, UV 
radiation, some drugs during the pregnan®y; abnormal secretory functions of 
some glands, etc some kind of structural ot biochemical abnormalities, which may 
be lethal, develop in the new individual: For instance, in man, some of abnormal 
conditions are listed as follow: 


Disorders Major signs and symptoms 

Microcephaly {Individual with small skull in proportion to the 
normal body size. 

Cleft lip and Palate Split in upper lip and gap in the roof of mouth. 
Polydactyly Excessive number of fingers or toes. 
Dextrocardia Heart toward the right side of the chest. 
Sickle cellAnemia Abnormal sickle shaped RBC. 
Turner's Syndrome Female sexual defect. 
Klinefélter's syndrome Male sexual defect 
Down's syndrome Mental and physical retardation. 


Decreased ability or inability of the blood to clot 


Haemophilia 
Fragile RBC cause hemolytic anemia. 


Thalassemia 


toy A 
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KEY POINTS — 


gressive changes that occur 
elopment. 


he study of developmental chan 
“The stu ges called embryology or developmental 


Growing regions of plant are called i 
x P; m m, i 
called apical meristem. sristem, if present at stem or root apex 


The part of apical meristem whi 
3 ich beco: pex 
permanent tissues called Intercalary Teisene Ten oR, = by 
7 . ONN 
V 


4%  Ingrowingstem or root three regions are i ibi 
: m present which exhi 
ofgrowth i.e. formative phase, elongation phase and pri = ab 


+ Study of embryonic stages is called Embryology. c 

+ Development involves formation and fusion ofgametes, formation of 
zygote, cleavage, morula, blastula, gastrula, and dxganogenesis. 

The egg of bird is polylecithal type 

In chick the cleavage is irregular and discoitlattype. 

The outcome of cleavages is cytoplasmi€tecalization. 

Blastula contains blas 


in the zygote to become an adult PE 


The differentiation of cells of egtbryo is regulated by the cytoplasmic f 
determinants. 
Embryonic induction invọlyès an embryonic tissue influence upon other i 


embryonic tissue throug} Kemical stimulus. } 
Process of progressive Yeterioration in the normal structure and function of 
tissue is called aging. 

Regeneration is the reconstruction of the lost parts of the b 


ody. 


Encircle the most correct choice: 
° i) In bryophytes growth takes place at 


= a) apices b) lateral region 
; c) through out the body d) All are correct 
Cells which are capable of cell-division are 
; a) mature cell b) meristematic cell 
d) parenchyma 


permanent cell 


cambium 


ndary growth is caused due to activity of 


The egg of chick is laid at this stage. 


d)n none sof them 


b) phellogen of cork 
d) none of them. 


a) cleavage b) morula be 
c) blastula d) gastrula. © ’ 3. 
Cytoplasmic localization is a consequence of:  _ N) 
a) fertilization b) cleavage Y~ 
. c) morula d) blastula. QX 
Vii) ‘The blastoderm splits into N 
a)epimereandhypomere b)mesomereand epimere 
c) epimere and mesomere d) epiblast and hypolast 
i viii) The phenomenon in which one €mbryonic tissue influences upon ig 
other is 
' a) gastrulation b) embryonic induction 
= c) neurulation d) cleavage. 
BR al 28) Nerve cord is formed.by 
x a)ectoderm N ; b) mesoderm 
c) endoderm ., d) all of these 4 


x) Notochor sae from 
a) ecto: 
Van E 
eoo from 
epimere 
c) hypomere 


am of the following is correct order 
avage-blastula 
-morula-blastula 


b) mesoderm 
d) none of them 


b) mesomere 
d) all of these 


b) blastula-gast 
d) neurula-mc 


ah 
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u mean ; 
ean by growth Correlation? | 
What is gastrula? i ; 
gastrula of chick, Senne formation of three germ la 
y Explain mechanis i Bo. 
Pichiceeman m of cell differentiation and embryonic induction 
+ i w 
vi) Discuss the role of nucleus a s 
vii) What is Gerontology? Explai 


3. Write short answers of the following questions: © 
i) How many ways the light influences the Aar RS h 
ii Do the cells beneath the formative phase ieee : h other? 
iii) Why growth is different from development? ay 
iv) What are Primary oocyte and secondary ğøcyte? 
v) What is the importance of cleavage imdevelopment? 


vi) Distinguish between blastula anégastrula. 
vii) What are cell differentiation and embryonic induction? 
viii) Whatis aging? 


ix) What is abnormal development? 
x) Cleavage is chick is,called discoidal type, why? 
xi) What is meant y by meroblastic cleavage? 


xii) | What is cytoplasmic localization? 


4. Define the following terms: 


a) Meristem b) Growth c) Secondary growth 

dy Zygote e)Germinaldisc f) Blastoderm 

Cl h) Primitive streak i) Hensen’s node 
8) eavage e 

j) Neurulation k) Aging 


m) Teratology n) Dextrocardia 


First generation 
(grandparents) 


IA 


Second generation 
(parents plus aunts 
and uncles) 


Third generation 
(two sisters) 


Widow’s peal No widow's peak 


(a) Pedigree tracing a dominant trait (wigdw’"S peal 
£ Į | 
ti a 


Attached earlobe Free earlobe A 

__ A fertilized egg formed by the fusion of single cell from each parent devni 

into a new individual and so the parents are survived by their offsprings: How” tet 

happen? A zygote receives from its parents a complete set of biological comp ie 

chips, the chromosomes, lodged in its nucleus. Chromosomes contain the eo 
genetic information stored in the blue print of life, the DNA, which not only der 


and maintains an animals but also transfer its command to the next genera 
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3.4nm * 


d Francis Crick w 
of deoxyribonucleic é 
for it is the substar 

in fact, composed ©} 


_ 1953 
dimensi , James Watson an 
ensional molecular structure 


Cele 
esd molecule of our time, 
DNA, Chi factors and Morgan's genes on chromosomes are 1 
emically speaking your genetic endowment is the DNA you inherited from 
143 


Your parents. 


$ chromosome (Gr. Chroma = Coloured, Soma = Body) is 
e chromosomes are not coloured bodies. They have been named. 
-embryologist Walter Fleming (1882) while examining rapidly 
‘Salamander larvae after treating with Perkin's Aniline dyes obse 


hosomes colour is much darker than the rest of the organelles, c 
Chromosomes may be described as thread like structures present , 
the nucleus, bearer of hereditary characters in the form of genes; present j |k 
inan individual and their number remains constant from generation to generation | € 
in a given species. 

The chromosomes number however varies from species to species an Y 
ranges from single to hundreds pairs as given below. i 
l. Penicillium 2 Chromosomes a 
2. Mosquito ; 6 Chromosomes or pairs. 6 
3. Drosophila 3 8 Chromosomes or 4 pairs. y 

3 t 

4. Garden pea : 14 Chromosomes or 7 pairs. a 

5. Frog : 26 Chromosomes Or 13 pairs. a 

6. Human : 46 Chromosomes or 23 pairs. at 

7. Sugar-cane X 80 Chromosomes or 40 pairs. $ 

] 8. Fern : 1000 Chromosomes or 500 pairs. 7 


Chromosomes can only be seen whéù cells are dividing. In mature cell, each 
chromosome consists of two very thin-threads called chromatids. They share a 
common point of attachment called centromere. It is a small spherical zone on the 
chromosome.Within centromerea disc-shaped protein, structure called 
kinetochore (Gr, Kinetichos, putting in motion + chorous) is present to which the 
spindle fibers attach during cell*division. Centromere has a functional relation to 
the movement of chromosome. The chromosome is seen as an extremely thin 
threads, called chromonemia, at the beginning of leptotene, a sub stage of 
meiosis. In many speciés ; the chromonemata (Sing-chromonema) exhibit deeper 
Staining regions along:their lengths, giving the threads the appearance of strings of 
beads, these intensely staining areas are the chromomeres. 

The two chrdématids of the same chromosomes are called sister chromatids 
and chromati two different homologous chromosomes are called non sister 
chromatids. Th length of a chromosome from centromere to its terminal end is 
called arm of the chromosome. 


_ [E TYPES OF CHROMOSOMES 


Recall that according to the position of centromere, there are four types of J 
chromosomes i.e. metacentric, sub-metacentric, telocentric and a 
= as described in chapter 4 of class xi. 
‘Homologous chromosomes: 
osomes in an individual appear in a paired sets, one set i 
ther from the female parent. Such paired sets, the 
h morphologically similar members with same set of, 
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d sex-chromosomes: 


nosomes, which are simil 
omes and the chromosomes. males and females of s; 
nosomes. Nomally each i 


possesses a pair of 
S X and Y, The male poubenies xy pe 


The particular array of chromosomes that an indivi 30 i 

c € an individual possesses is called 
its karyotype (fig 6.1) which may differ greatly between. different species, or 
sometimes even between particular individuals, Karyotypéoðf individuals are often 
‘examined to detect genetic abnormalities, such as those arising from extra or lost 


blood cells 


> eee 


J ~ Slide is prepared, 
Sample isfixedvand 
stained. 


Colchicine stops AD 
4 division of white E 


Slide is examined 
for celis about to 
divide 


SS 
Karotype: 
Chromosomes are 
ired by matching 
ing and arranged | | eae Si AY 
by size and shape A i RAN 
Fig: 6.1 Human karyotype preparation (simplified version) 
ICAL COMPOS CHROMOSOMES 
morei . ae show that they are made 
nical composition of chramos i hen ee 


protein. Deoxyribo-nucleo 


nost abundant chromosomal proteins are called 
s of units called nucleotides. Whereas each nucleotide 
molecules called phosphoric-acid, deoxy-ribose-sugar and nit 
as illustrated below. 


Chromosomes 


~ 


DNA (30-40%) Proteins (50-65%) RNA(1-10%) 
Billions of Nucleotides (Adenine 
| — Guanine 
Phosphoric Nitrogenous E 
Acid Base |__ Cytosine 
Deoxyribose sugar 
L— Thymine 


6.2.1 Ultra structure of chromosome: 

In this century since'thëéir discovery, we have learnt a great deal about the 
structure and function of Chromosomes. Eukaryotic chromosomes are composed 
= of chromatin, a com; lex of DNA, and protein. Most eukaryotic chromosomes arè 
An about 60% protei ad 40% DNA. A significant amount of RNA is also associated 
Shromocome xi because they are the sites of RNA synthesis. The DNA of 2 


chromosome exists as one very long double stranded fibre, a duplex, which 


ids un! en through the entire length of the chromosome. If the strands of 5 
a single set of chromosome in nucleus were laid out ina straight line, it d 
more than 7 feet (2 metres) long. This is much too long to fit into a cell. In Co 
however, the DNA is coiled, thus fitting into a much smaller space. an 


is the coiling of this long DNA fiber achieved? If we gently disruP ee 
cleus and examine the DNA with an electron microscope, We 
a string of beads. Every 200 nucleotides, the DNA duplexis 
of histones, which are small, very basic polypeptides, rich 
lysine. Eight of these histones form the core ° 
e. Because so many of their amino acids 


CIVIUUAI DT FU TURCUUU SIS 
The DNA duplex, which is ne 


of the DNA tes and guides the 


: occu à 
order coils called super colle meaa SS 


¥ 


pee Super coil 


chromosomes within chromosome n 
Chromatin — F 
Cooling within 
supercoil 
E 
K Dr 
«it j Chromatin fiber 


9 y 5 

co i o [Gost 
lt i ic — Central histone 

Yy 


SS 
Mi TAN 
Histone w i if (j E 
Dli ge DNA double helix 
DNA 
] Fig: 6:2 Levels of chromosomal organization 


Highly condenSed portions of the chromatin are called hetero chromatin. 
fe remain condensed permanently, so that their DNA is never expressed. The 
ainder of the chromosome, called euchromatin, is not condensed except 
cell division, when the movement of the chromosomes is facilitated by the 

packaging that occurs at that stage. At all other times, the euchromatin is 


n configuration and its genes can be activated. 


ROMOSOMES AS CARRIERS OF eee ss 
d since the beginning © century : ; 
E ooed: The chromosomes can be separately identd 
t the genes are very small units and so far have ot heen seen aa ih 
hat genes are molecu 
E o ati d that the chromosomes and 
C i. Fi t is observe! a > r 1 a 
Sia E iar the genes cannot be considered outside the — 
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CHROMOSOMES a, 


losomes. At the time of meiosis, the separation of homologous pay 
omosomes can be seen and it takes place as also required for the Segre; 


gene pairs. Secondly, we know that in the genotype of every individo pe” 
member of each pair of genes is contributed by one parent and the other bygt Pap" 
other parent. This exactly happens in chromosomes, which are in pairs in the pi 
and each of the two parents contribute one member of the pair. As tha Site | g£ 
chromosomes of a pair are homologous, so are the two alleles located ™ dete" 
homologous loci. Each gamete (egg or sperm) as a result of meiosis contains g 
one member of each pair of allelic genes. Each egg and sperm contains only one of! pacte 
pair of genes. It is the basis of all breeding experiments and purity of gamete . Al net 
this can be explained, if the genes are assumed to be contained in ti mice 


chromosomes. The reduction division of chromosomes can then segregate them at 
the time of oogenesis or spermatogenesis. 


GZ CHROMOSOMAL THEORY OF HEREDITY 


Chromosomes are also the kinds of organelles that segregate regularly when 
eukaryotic cells divide. In the early twentieth century it@vas assumed that the 
chromosomes were the vehicles for the information of-héredity, their central role 
was first suggested in 1900 by the German geneticist Karl Correns. Soon after, the 

observation that similar chromosomes pair with Ohé another in the process of 
meiosis led directly to the chromosomal theory of inheritance, first formulated by 
the American, Walter Sutton in 1902. Thé*cHromosomal theory of heredity 
postulated as follows: 


— —_ 
a8 


1. Reproduction involves the initialWnion of only two cells, egg and sperm. 
If Mendel’s model is correct, then thesetwo ga es must make equal hereditary 
contributions. Sperm, however, contains little cytoplasm, therefore, the hereditary 
material must reside within the nuclei of the gametes. 


2. Chromosomes segregate during meiosis in a manner similar to that 
exhibited by the elements of Mendel's model. 


Bra 
on 
ct et 


i 
3. Gametes have ore Copy of each pair of homologous chromosomes; diploid with 
individuals have two còpies. In Mendel's model gametes have one copy of each labe 
element; diploid individuals have two copies. a 
4. During meiosis, each pair of homologous chromosomes orients on the sy 
metaphase plate independent of any other pair. Thus independent assortment a allt 
chromoso: 


s a process suggestive of the independent assortment of factors Pei 


postulated by Mendel. the 
There was one problem with this theory, as many investigators soon pointed | Pha 
out. If Mendelian traits are determined by factors located on the chromosomes 6.4 


and if the independent assortment of Mendalian traits reflects the independent 

ortment of these chromosomes in meiosis, why is it that the number of fact 

assort independently of one another in a given kind of organism is often MY 
than the number of chromosome pairs that the organism possesses? 


a fatal objection, and it led many early researchers to have 
ons about Sutton’s theory. 


JWIVDULATDYTUIURCUUULTIUNRSD 
pneumoniae, a Lenny materiai n mm 

i ict terium | 

in two major florian | Associated with certain A 
e virulent, responsibl se. the smooth surfa p 
capsule are non Virulent for pneu Tough oe 


monia and th 
j 1 W e rou rfi 
teria of their own typ sion, cultured Separately the two types give 


es i 
» Showing that their strains are genetically 


obviously unacceptable. However, it 
S-type bacteria had transformed 
bacteria. The phenomenon in whic} 
hereditary effect on bacteria of another type is called transformation. 


Nearly 16 years later, in 1944 Avery, Matleod and McCarty discovered the 
tue identity of the transforming substan¢e;* They tested reactions of heat-killed 
bacteria for their transforming ability and ‘found out that it was not RNA or various 
proteins, but only DNA that possessed’ the transforming ability. If the enzyme, 
Deoxyribo-nuclease that destroys “the DNA was added to the bacteria, the 
transforming ability was lost. Therefore, it has become clear, beyond any doubt 
that DNA must be the genetic material. 

Hershey and Chase observed that if cultures of bacteriophage are labelled 
With radio active phosphorus (P”° for labelling DNA) or with sulphur (S” for 
labelling protein coat) and the bacteriophage ruptured, the DNA is released and 
treated with deoxyriboriuclease, the DNA breaks up into fragments in a solution. 
The empty protein cdat of the ruptured membrane appear as coats. All the E or 
‘Were made to.infect bacteria and multiply and by the help of special technique, 
the S” labelled proteins were removed. The new phages formed, emang only 
4 indicating the presence of DNA molecules. The conclusion appears sit = x“ 
transforming principle in bacteria, showing that DNA is the genetic materi 
€, transmitted from one generation to the next. 


ef reference to DNA structure: 


DNA is a very complex molecule. The 
le. Fach nucleotide itself is made up oft 


ibose sugar (C5H1004) 
Phoric acid (H3PO4) 
bases (Nitrogenous bases) 


units of this molecule are called 
hree components. They are: 


_ There are four different types of 
bases found in DNA molecule. 
there are four different types of 
cleotides. They are Adenine, 
Thymine, Cytosine and Guanine. 
Millions of these nucleotides 
combine to form a single molecule of 
DNA. The close study of nucleotide 
reveals that adenine and guanine bases 
have double ring structure and on the 
other hand, cytosine and thymine have 
single ring structure. The two, adenine 
and guanine are called purine-bases 
and cytosine and thymine are called 
pyrimidine-bases. 


These nucleotides are joined with 
one another through Phosphoric-acic 
in such a way that the Cs position of 
one deoxyribose is linked to the Cs 
position of the next. 
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James D. Watson and Francis ai l 
H. Crick in 1953 suggested a model o “= Ay 
DNA, which was based on X-ray pee ee H Bat - 
diffraction data provided by Maurice H. A p Eue 
F. Willikins. For their pioneer work al Rae SE ian As i l ac 
the three scientists received Noble prize in gata Arema fony: 
1962. Rosalind Franklin an expert x-ray Fin: Sugar (deoxyribose) Nu i 

į k ig: 6.3 foe Rep! 

crystallographer showed that PO;/lie on The structure of DNA strand " 
the outer side of molecule, a pivot role Guanine (6) j 
enabling Watson and Critk to propose their DNA “sin 
molecule, but she died ofeancer in 1958 at the age of 38. “ses 
6.4.3 Watsonand Crick model of DNA: Gan 

In 1953, “Watson and Crick surprised the = 
scientific world With a concise, one-page paper in the tofo 
British Journal Nature. The paper reported their Cric 
molecular model for DNA: the double helix, which has Cal 
since become the symbol of molecular biology. The for. 
beauty of the model was that its structure suggested the 80 
basic mechanism of DNA replication. a 

Watson and Crick suggested ladder type ane 
organization of DNA.Each molecule of DNA is made up of 
two polynucleotide chains, which are twisted around Re 
each other and form a double helix. The uprights of the de 


ladder are made up of sugar and phosphate part of 
nucleotide and the rungs are made up of paired 
nitrogenous bases. The pairs are always as follows: 


: -A |a 
Fig: 6.4 / / of 
Double Helix structure = 


$ 


ys pairs with thymin. - 

possible: Two polynucleotides to 

are held together by hydrogen bo 

, and three between C=G, B nds, 

by 20A° distance. The coiling es 
occurs after 3.4A°, Sinc 


Jength of a polynucleotide Strand, 10 m; 


ing of do 


The Watson-Crick model explained C $ 

A molecule has an A, the partner bites pi Wherever one strand 
paired with a C in the complimentary Strand. The rex G in one strand is 
sm, the amount of adenine equals the amount of T ore, in the DNA of any 
j ine equals the amount of cytosine. Although the beste and the amount 
th combinations of nitrogenous bases that form the run, -pairing rules dictate 
vdo not restrict the sequence of nucleotide alon: gs of the double helix, 


4 g each DNA?strand 
sequence of the four bases can vary in countless ways} ahd cache Thus, the 
nique order, or base sequence. : ch gene has a 


4.4 Replication of DNA 


The Watson-Crick model immediately suggested that the basis for copyi 

the genetic information is complimentary. One chain of the DNA molechis Pi 
have any conceivable base sequence, but this-Sequence completely detente 
that of its partner in the duplex. If the sequence of one chain is ATTGCAT, the 
sequence of its partner in the duplex mustbe TAACGTA. Each chain in the duplex 
sacomplementary mirror image of the other. To copy the DNA molecule, one need 
unzip it and construct a new complimentary chain along each naked strand. 


plication is semi conservative: 


The form of DNA replication suggested by the Watson-Crick model is called 
‘semi conservative because, after one round of replication, the original duplex is not 
served; instead, each strand of the duplex becomes part of another duplex. 


The complimentary nature of the DNA duplex provides a ready means of 
licating the molécule. If one were to unzip the molecule, one would need only to 
emble the appropriate complimentary nucleotide on the exposed single strands 
form two daughter duplexes of the same sequence. This prediction of the bie 
ick model was tested in 1958 by Mathew Meselson and Frank Stahl of the 


; : : ientists grew bacteria 
“alifornia Institute of Technology ( Figure 6.5). These two scientists giu Am 
several ; : ; ining the heavy isotope of nitrogen S > 

i generations in a medium containing ser than normal. They then 


DNA of the bacteria was eventually denser t r : 4 
the growing cells to a new medium containing the lighter isotope À 
sted the DNA at various intervals. 


first the DNA that the bacteria manh ; 
that was being formed incorporate! 
. After one round of DNA replication was completa 
IA had decreased to value intermediate pac density i 
ope DNA. After another round of replication, 


factured was all 
he lighter nitro 


ae 
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, intermediate and the other light, corresponding to 
none of the heavy isotope. These results indicated that after one 
m, each daughter DNA duptex possessed one of the labelled hea 
parent molecule. When this hybrid duplex replicated, it contribu 
I Strand to form another hybrid duplex and one light strand to form at 
duplex. Meselson and Stahl's experiment thus clearly confirmed the 


if 
A Predict; & er 
the Watson-Crick model that DNA replicates in a semi conservative mone | a 


ADNA molecule copies (replicates) itself by separating its two strands and using each 
as a template to assemble a new complementary strand, thus forming two daughter 
duplexes. The two strands are assembled in different directions. 


Bacterial cell x 
è Bacteria,grown in medium toc 
containing héavy isotope enz 
of nitrogen 


Allow to grow, 
sampling at 
various times 


Suspend DNA in 
Break open cells |} | printers 
cx and extract DNA f 


i 
T 1. Controlgroup 2. Labeled parent 3. Fi generation DNA ` 4. Fe generation DNA 
n (unlabeled DNA) (both chains heavy) (one heavy and one light) i 


Fig: 6.5 Meselson and Stahl experiment 


© more prev; noted that 


of these disorders 
leles, 


ed black on exposure to ai 3 
zapto ) f which is oxidized whole 
jogentisic acid is broken down into si š 
; unable to carry out that break 
concluded that the patients suffering fro 
to catalyze this breakdown and, more ge 
enzyme deficiencies. 


xposed to air. In normal ividuals 
rics substances, but the affected patients 
n. With considerableyinsight, Garrod 


N 
Genome: V 
The total genomic constituti indi Si 
ution of an individitaf is k 
: ; a ; nown as genome. Ín a 
bacterial a a single circular chromosome aĵòngwith plasmid is genome of 
bacteria, while ina human being all twenty tw6pairs of autosome alongwith a pair 
T ofsex chromosomes constitute genome. 


6.5.1 The one gene-one enzyme hypothesis: 


d From Garrod's finding it isfut a short leap of intuition to guess that 
information encoded within the DNAvof chromosomes is used to specify particular 
enzymes. This point was not actually established, however, until 1941, when a 

series of experiments by the Stanford University geneticists George Beadle and 
Edward Tatum finally provided definitive evidence on this point. Beadle and 
Tatum deliberately set out to create Mendelian mutations in the chromosomes; 
they then studied the effects of these mutations on the organism. 


Creating genetic differences: One of the Beadle and Tatum's experiments 
produced clearcut results. The researchers made an excellent choice of 
_ experimental raanism: They chose the bread mold Neurospora, à fungus that can 
_ Teadily be grown in the laboratory on a defined medium (a medium that contains 
y known substances such as glucose, sodium chloride, rather than some 


d Tatum 
acteri t such as ground-up yeasts). Beadle an 
Bs iy exposing agers spores to X-rays. They then allowed 


i i ~ontained all necessary 
eny to grow on complete medium (a medium that contained a 
>A iia san the investigators were able to keep alive arenes the = 2 
the earlier irradiation, had experienced damage 9 be DNA iia 
the ability to make one or | ue nN 
is kind i DNA is called mutation, st 
cae bf thie kind H (in this case losing the ability to 


s that have under gone SU! 
ore compounds) are called mutants. 


„A 


Select one of \ 
the spores @® 


Nucleic Folic Arginine Niacin Riboflavin Thiamine Minimal 
acid acid control 


thine, C=Citruline and A=Arginine. 
1 poseesied a hypothesis for these © 
| alter a single gene that controls on 
f mol gue. Sitan a chain of reaction 


Pes ne ORES ee ee es cannot be overcome by adding 
alternative except to add A to the cnediam ERNE < OA te ee Ce eae 


The geneticists concluded that genes i r 
produce their effects by specifying th 
Toos oe each gene encodes the structure of eE plese 
hey call is re coe ip the one gene-one enzyme hypothesis (Fig: 6¢7)> 
Cluster 1 Cluster 2 : DY 


Cluster 3 


a 
— ee S 


EN x A — Ne AS 
( Enzyme F ) (_ Enzyme 8) Enzyme H ) 
Sane es J 4 


E] > 
a = 
Amino acid in = ~ 
biochemical pathway JE E r 
A aN ~ 5 he 
F Aceticholne Dosa Ornithine Al Citalline > = | Arginosuccinine nA Argnine 


Fig: 6.7 Evidence for the one gene-one enzyme hypothesis 


Enzymes are responsible for DNA RNA 


catalyzing the synthesis of all parts of the HOCH, 4 OH HOCH::ọo, OH 


cell. They mediate the assembly of nucleic eT gs ] As | 
acids, the synthesis \of proteins, K y | 4 A 
carbohydrates, fats and ‘lipids. From the ; H | i ; 
hair on your head to the-toenails of your feet, fi a 
all of you represents the products of enzyme- | | | 
directed chemical reactions. By specifying OH H OH OH 
your enzymes, DNA specifies you. Deoxyribose Ribose 
6.5.2 Cells use RNA to make Protein: 5 r 
i To find out how a cell uses its Ho L u, E, 
DNA to direct the production of particular NEDEN N~ + 
oteins, perhaps the simplest question you yh |l \ || 
ask is "Where in the cell are proteins LNH of ^N SH 
" You can answer this question by | | 
ells for a short time in a medium H a" 
rai 


radioactive amino acids; the cells Thymine 
the radioactively labeled amino pig: 6.8 How RNA is different from DNA 


for the short time that they are exposed to them. This is known a, 
as the cells are exposed to a pulse of radioactive label. When inves , 


Acell contains many kinds of RNA. There are three major classes; 


Ribosomal RNA: The class of RNA found in ribosomes is called ribosomal Ry 
rRNA. During polypeptide synthesis, rRNA molecules provide the site on k i 
ribosome where the polypeptide is assembled. : 
Transfer RNA: A second class of RNA, called transfer RNA, or tRNA, is much 
smaller. Human cells contain more than 40 different kinds of tRNA, molecules Fig’ 
which float free in the cytoplasm. During polypeptide synthesis tRNA molecules | gon 
transport the amino acids present at their one end to the ribosome for use in | 


building the polypeptide, and position each amino acid-at the correct place on the frar 
elongating polypeptide chain. 
Messenger RNA: A third class of RNA is messenger RNA. Each mRNA moleculeis A 


a long, single strand of RNA that passes from the nucleus to the cytoplasm. During | 
polypeptide synthesis, mRNA molecules bringinformation from the chromosomes RN: 


to the ribosomes to direct the assembly of amino acids into a polypeptide. initi: 
These molecules, together with fibosomal proteins and certain enzymes, seql 
edge 


constitute a system that carries out-the task of reading the genetic message and 
producing the polypeptide that the’particular message specifies. They are the 
principal components or the apparatus that a cell uses to translate its hereditary 
information. You can think @fthis information as a message written in the code 
specified by the sequence~of nucleotides in the DNA. The cell's polypeptide | | 
producing apparatus reads this particular polypeptide. Biologists have also learned 
to read this code and in so doing have learned a great deal about what genes arè 
and how they workin dictating what a protein will be like and when it will be made. 


6.5.3 An overview of gene expression: 

The hereditary apparatus of your body works in much the same way as 
of the most primitive bacteria -all organisms use the same basic mechanism: 
RNA copy of each active gene is made and at a ribosome the RNA copy directs the 
sequential assembly of a chain of amino acids. There are many minor difference 


that 


in the details of gene expression between bacteria and eukaryote, and a sing" x 
major difference. The basic apparatus used in gene expressions, however, appe 3 
to be the same in all organisms (Fig:6.9); it apparently has persisted p: 
unchanged since early in the history of life. The process of gene expression 0° q 


in two phases, which are called transcription and translation. 


IRN 
FRNA sen nana 
See, DNA Cs pik 
Translation € Y 
nsl Ba 4 
a & ) , 
(Modification ] 2N Transito 
4 AA Hani e 
Functional z ) 
Fig: 6.9 protein y 
Gene expression A ( 
Transcription: 


The first stage of gene expression is the production of an RNA copy of the 
gene, called messenger RNA or mRNA (Figure : 6,10)! Like all classes of RNA that 
occur in cells, mRNA is formed on a DNA template. The production of RNA is called 
transcription; the messenger RNA molecule (aswell another RNA classes such as 
TRNA and tRNA) is said to have been transcribed from the DNA. Transcription is 
initiated when a special enzyme, called an RNA polymerase, binds to a particular 
sequence of nucleotides on one of the DNA strands. This sequence is located at the 


edge ofa gene 


j- DNA 


Fig: 6.10 Transcription ® 
lea 

NA polymerase proceed to assemb 
enh? ntary to that of the DNA 
ich the two single 
ith A (adenine) 
An RNA strand 


É RNA polymerase 


Starting at that end of the gene, the 
e strand of RNA with a nucleotide sequ 
d it has bound. Complementarity refers 
of DNA that form a double helix relate 
ith T (thymine) and G (guanine) pairing 


tary of thymine is uracils. 


to one another, W 
with C (cytosine). 


nerase moves along the strand into gene, 
turn, it adds the corresponding comple: 
e growing RNA strand. When the enzyme arrives at a 
far edge of the gene, it disengages from the DNA and releases 


ed RNA chain. This chain is complementary to the DNA strand fon 
ymerase assembled it; thus, it is an RNA transcript (copy), called 
RNA transcript, of the DNA nucleotide sequence of the gene. j 


on: 
_ The second stage of gene expression is the synthesis of a polypeptide 
1 nes, which use the information contained in and mRNA molecule to dire, gat 
_ the choice of amino acids. This process of mRNA-directed polypeptide s thesis by ura 
ribosomes is called translation because nucleotide-sequence ini ation is can” 
translated into amino acid-sequence information. Translation begins when an ther 
TRNA molecule within the ribosome binds to one end of an mRNA transcript. Once an 


it has bound to the mRNA molecule, a ribosome proceeds to move along the mRNA 4 
molecules in increments of three nucleotides. At each step it adds an amino acid ty pe 
a growing polypeptide chain. It continues to do this untilit encounters a "stop! om 
i ‘signal that indicates the end of the polypeptide. It themdisengages from the mRNA F er 
and releases the newly assembled polypeptide. An éyvetview of protein synthesis is = 
presented in figure 6.11. 196 


= F 5 5 OT 
During translation, the codones of mRNA baSe pair with the anticodones of tRNA is 
molecules carrying specific amino acids. 


@ ee 
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thi: 
Q Complete protein wh 


AN tRNA binds 
amino acids 


3 


Loaded tRNA bonds’ = ¢ 
Sey tw. 
Aah 
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cleic acids, dots 
ymbols (amino acids in proteins, | 


ombinations of bases stand for which amino aci ds 


The Genetic Code Uses Three Bases to Specify Each Amino Acid: 
i ee E = different bases in DNA: adenine (A), cytosine (C), guanine (G 
andt yane 1 ere are also four bases in RNA: adenine cytosine; at ine A 
uracil (U).But there are 20 different basic amino acids in prodig oo the b me 
cannot serve as a one-to-one code for amino acids. There are si } f ought 
them. Perhaps though, the genetic code ene of bese 


s » Une might use a short s@quence of bases to 
encode each amino acid, just as Morse code uses a short Some of dots and 


dashes to encode the letters of the alphabet. If a sequencé.oftwo bases codes for an 
amino acid, then there will be 16 (4x4) possible combinaions of bases. This isn't 
enough either. Three bases per amino acid, however; gives 64 (4x4x4) possible 
combinations, which is more than enough. Underthe assumption that nature 
operates as economically as possible, biologists‘hypothesized that the genetic code 
must be the triplet of nitrogenous bases. Threé-bases specify one amino acid. In 
ee encis Crick and three co-workers,démonstrated that this hypothesis is 
correct. 


A few requirements must be met for any language to be understood. The 
users must know what the words Mean, where words start and stop, and where 
sentences start and stop. The Crick experiments demonstrated that words of the 
genetic code are all three basesJong and that a set of three bases means one amino 
acid. Shortly after this discovery, researhers began to decipher the code. They 
ground up bacteria and isolated the components needed to synthesize proteins. To 
this mixture , they added artificial messenger RNA, which allowed them to control 
what words were to be transcribed. Researchers could then see which amino acids 
were incorporateddinto the resulting proteins. For example, an RNA composed 
entirely of uracil (UUUUUU...) directed the mixture to synthesize a protein 
composed solely of phenylalanine. Therefore, the triplet specifying phenylalanine 
must be J’ Because the genetic code was deciphered using these artificial 
RNAs, the code is usually written as the base triplets in messenger RNA that code 
for each amino acid (Table 6.1). These messenger RNA triplets are called codons. 


What about punctuation? How does the cell recognize where codons start 
roteins, which are composed of many amino 


and stop and where codes for entire pr Í A 
acids, Bart and stop? Research showed that the codon AUG signals ae >» 
beginning of a protein(start codon). Three codons, UAG, UAA an uy: fe 
_Stop--the end of a protein (stop codon). Now, if all the codons tae pra 
the beginning and end of a proetin are specified, then puny o keon 
ons is unnecessary. To see why this is so, consider bare snsawthecat 
used only three letter words: A sentence such as The r 


e perfectly understandable, even without spaces between thom 
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CHROMOSOMES ANp 

long as the reader knew where the sentence started and stopped. The genetic 3 
Code 


does'nt need, and doesn't have, punctuation between codons. 
Table 6.1 The genetic code (Codons of mRNA) 


Second base 
uU c A G 
Phenylalanine UCU Serine Tyrosine Cysteine 
Phenylalanine UCC Serine Tyrosine Cysteine 
Leucine UCA Serine Stop Stop 
Leucine UCG Serine Stop Tryptophan 


aroc 


Leucine CCU Proline Histidine Arginine 
Leucine CCC Proline Histidine Arginine 
Leucine CCA Proline Glutamine Arginine. 
Leucine CCG Proline Glutamine Arginine 


Qarac 


v 
n 
© 
2 
v 
M 
w 


əseq PHUL 


Isoleucine ACU Threonine Asparagine Serine 
Isoleucine ACC Threonine Asparagine Serine 
Isoleucine ACA Threonine Lysine Arginine 
Start (Methionine) ACG Threonine Lysine Arginine 


OROS 


Valine GCU Alanine Aspartičàeid Glycine 
Valine GCC Alanine 3 Aspárticacid Glycine 
Valine GCA Alanine Glutamic acid Glycine 
Valine GCG Alanine Glutamic acid 3 Glycine 


arac 


Though there are only 20 aminoacids for which to code, there are 60 
codons, in addition to the start and step codons. All 60 codons are used in the 
genetic code. The genetic code is thus.highly redundant, or degenerate. In other 
words, a single amino acid may be specified by several codons. For example, six 
different codons all code for arginine(Table 6.1).Even though the code is 
redundant, however, it is not ambiguous: Each codon specifies one, and only one, 
amino acid. 


Decoding: 


The mRNA ribosome exposes only a three nucleotide sequence whichis said 
to the genetic code: The tRNA carrying a particular amino acid recognize this code, 
it possess anticodon series for this site and thus binds to mRNA. The phenomenon 
is known as decoding. The decoding is an essential process of translation. 


EJ MUTATION 


The gene function to determine the ultimate characteristics of phenotyp® 
They achieve this goal by controlling biochemical processes in organisms during 
growth and adult life. Each biochemical process is divisible into a number : 
successive steps, which are all under genic control through specific enzymer 
Beadle and Tatum suggested one-gene-one-enzyme hypothesis, which meant m 
each single reaction is controlled by a single gene i.e. the gene functions to con 


the production; function and specificity of an enzyme. As genes are the here 


revers: 
invers 
genes 

inone 
absen 
form ¢ 
rise to 


he result Of structu 
ngs, 


abnormal gametes and offspring ion we 
, ', o do 


ges. Although most of these 
ubt have Played a role in 


on called deletion (Fig: 6. 12) 0 
the norma! chromosome and call 
josome to a non-homologus 

al in the sequence of genes w 
fersion which alter either the amount.of genetic material or arrangement of 
nes in a normal sequence, they have important effects on heredity. The deletion 
one chromosome of a pair may be harmful for the individual, but may be lethal if 
sent in both chromosomes of the.pair. Duplication produces abnormalities of 
mand function. Inversions reduce crossing over and translocations may give 


tovarieties within species. 
ABCDEFG 


Normal gene on chromosome 


ABCBCDEFG 


Duplication 


ABCGEFD 


Inversion 


Normal chromosomes 
fa 


rations 
Fig: 6.12 Chromosomal abe 
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e mutation: 


: A change in the genetic message of a cell is also referred to asa mu | t 
_ will discuss mutational changes that affect the message itself tation y pu 
_ alterations in the sequence are called point mutations, since they usualy ah, i w, tic 
only one or a few nucleotide. In both bacteria and eukaryote individua] PA adie el 


move from one place on the chromosome to.another by a process oa gjel ap 
transposition. When a particular gene moves to different location, there jg j Called ose 


alteration in its expression or in that of the neighboring genes. In eukaryote ut ji) f 
segments of chromosomes may change their relative location or oa Be ( 
duplication. Such chromosomal rearrangement often has drastic effects p * a. 
expression ofthe genetic message. On the paso 
Point mutations, involving only one or a few nucleotide, result either k pemi 
chemical or physical damage to the DNA or from spontaneous pairing errors Of ispa 
occur during DNA replication. The first class of mutation is of paftiċular Practi ausin 
importance because modern industrial societies produce and release into th 
environment many chemicals capable of damaging DNA« These chemicals a 6.6-1 
called mutagens. F a) 
DNA damage: i 
Although there are many different ways irí which a DNA duplex can are ul 
damaged, three are of major importance: (i) ionizing radiation, (ii) ultrayiog) withir 
radiation, and (iii) chemical mutagens. defect 
(i) Ionizing radiation : aa 
High-energy radiation, such as) X-rays and gamma rays, is highly 
mutagenic. Nuclear radiation is of this sort. When such radiation reaches a cell, i differ: 
is absorbed by the atoms that it encounters, imparting energy to the electrons oí 
their outer shells and causing thése electrons to be ejected from the atoms, The) 2204 
ejected electrons leave behind.ionized atoms with unpaired electrons, each calleda valine 
free radical. Because most Of a cell's atoms reside in water molecules and notin norm 
DNA, the great majority offřeè radicals created by ionizing radiation are produced] defec 
from water molecules and not DNA. disk- 
Most of the damage that the DNA suffers is thus indirect. It occurs becaus Shap 
free radicals are highly reactive chemically, reacting violently with the oth®)  blooc 
molecules of the cell, including DNA. | accu 
Whensâ free radical breaks both phosphodiester bonds of a DNA heir Prop 
double-strand break _ the cell's usual mutational repair enzymes cannot fixt Shor 
' damage. To repair a double-strand break, the two fragments created by the hre i 
must be immobilized end to end so that the phosphodiester bond can be refom 
Bacteria have no mechanism that can achieve this alignment, and doubles a 
breaks are lethal to their descendants. Eukaryote, almost all of which pos ts 
multiple copies of their chromosomes, are able to position the two ee ples indis 
created by a double-strand break end to end by using the synaptonemal co ofthe het, z 
that is assembled in meiosis to pair the fragmented duplex with another copy as? ch È 
_ chromosome. In fact, it is thought that meiosis may have initially evolv tor; 
: 


_ mechanism to repair double strand breaks in DNA. 


et (UV) radiation, the com 


‘is much lo ponent of sunli 3 er | 
Mie raion du at, hen moe soe US 
a i ough ener; t 
N zH oo free radicals are not ene poss E 

g radiation, in fact, are certain esti Bere: ig 


Chemical mutagens: 


Many mutati ; i 
ia e Hee from the direct chemical modification of the DNA 
ct on DNA fall into three classes: (i) chemicals that look 


e DNA nucleotides but pair incorrectly when they are ‘one, aa DNA, (ii) 


hemicals that remove the amino group from adenine or cytosine, c g them to 


_ mispair; and (iii) chemicals that add i 
causing them to mispair. e ee nucle? i 


6.6.1 Example of gene mutation: $ | 
(a) Sickle cell anaemia: OA {| 
Sickle cell anaemia is a heritable disorder inswhich the affected individuals | 
are unable to transport oxygen to their tissueseproperly because the molecules | 
within red blood cells that carry oxygen, molecùlês of the protein hemoglobin, are | 
defective. When oxygen is scarce, these efféctive hemoglobin molecules become 
insoluble and combine with one another;forming stiff, rod like structures. This 
results in the formation of sickle shapedfèd blood cells. 
5 Surprisingly, the haemoglobin tHat occurs in such defective red blood cells | 
differs from that which occurs in önal red blood cells in only one out of a total of 
about 300 amino acid molecules. In the defective hemoglobin, one molecule of 
"yaline occurs in place of the glutamic acid that occurs in the same position in 
“normal hemoglobin. Red blood cells that contain large proportions of such 
defective molecules become sickle-shaped and stiff; normal red blood cells are 
_ disk-shaped and mutch more flexible. As a result of their stiffness and irregular 
shape, the sickle-shaped. red blood cells are able to move through the smallest 
_ blood vessels only with great difficulty. For the same reason, they also tend to 
accumulate j nthe blood vessels, forming clots. As a result, people who have large 
_ proportions.e sickle-shaped red blood cells tend to have intermittent illness anda 


ortened life span. 


Sickle-cell disease is an example of a human genetic disorder that is controlled by 


| incompletely dominant alleles. 


i lele are generally 
Indivi heterozygous for the sickle cell al 
bee 3 O e persons. In the blood of people who are 
Tm some of the red cells show the sickling 


is trait, however, 
ous for this osed to low levels of oxygen. 


Hic hey are ex l 
"i e PEREA is particularly common among people of A 
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Phenylketonuria: 
f One of the example of a relatively infrequent genetic dison 
phenylketonuria (PKU), a hereditary condition in which the affected indie 
are unable to break down the amino acid phenylalanine. In such indiy 
phenylalanine is instead converted to other chemicals that accumulate 
bloodstream. Although not harmful to an adult, these abnormal derivati the | 
phenylalanine are harmful to infants because they interfere with the develon of 
of brain cells. An infant with this disorder suffers severe mental retardation Ù 
affected individuals rarely live more than 30 years. When it is detected , 
enough, however, PKU can be treated nutritionally and individuals with th | 
genetic constitution can then develop and mature normally. oh this 
Phenylketonuria is a recessive disorder caused by a mutant allele of th 
gene encoding the enzyme that normally breaks down “phenylalanine, Oniy 
individuals homozygous for the mutant allele develop the disorder. y 


+ The geneticists concluded that genes produce their effects by specifying the 


structure of enzymes, and that(each gene encodes the structure ofa single 
enzyme. They called this relationship the one gene-one enzyme hypothesis. 


A 


+ A cell contains many kinds of RNA 

+ Transcription is initiated when a special enzyme, called an RNA 
polymerase, binds to’a particular sequence of nucleotides on one of the DNA 
strands, a sequence located at the edge of a gene. 


+ The second stage of gene expression is the synthesis of a polypeptide by 
ribosomes. Thé process in which mRNA-directed polypeptide synthesis by 
ribosomes iS called translation. 

Sickle ¢ell anaemia is a heritable disorder, in which the affected individuals 
are unable to transport oxygen. 

Phenylketonuria is a recessive disorder caused by a mutant allele of the 
gene encoding the enzyme that normally breaks down phenylalanine. 


- EXERCISE 
1 the most correct choice: 
Cells use to make protein 


a) DNA b) Nucleus c) RNA 
Base presentin RNA but not in DNA 


d) Chromosomes 


a) Adenine b) Guanine c)Cytosine d)Uracil 
iii) The chromosome number in man is 

a) 3pairs b)13pairs c) 23pairs d)33pairs „>` 
iv) One complete turn of DNA contains a 


a) 2 nucleotides b) 5 nucleotides > i 
c) 10nucleotides d) 20 nucleotides: 
v) To specify an amino acid genetic code uses. 
a) One base b) Two basés 
c) Three bases d) Four bases 
vi) Type of chromosome when contfømere is located at the centre 
a) Metacentric b) Submetacentric 
c) Telocentroic d) Acrocentric 


Which tripple base séquence do not decode isoleucine amino acid? 


vii) 
a) AUU b) AUC 
c) AUA d) AUG 
viii) Which one is the true statement for translocation regarding 


chromosomal aberration 
a) dment of chromosome missing 


R segment of chromosome presentin excess 
c) Transfer of segment of chromosome to non-homologous chsomosome 


d) A segment of chromosome is inverted 
Which statement is not true for sickle cell anaemia 


a) Heritable disorder ; 
b) Defective oxygen transfer to tissues 


c) Red blood cell becomes sickle shaped 


_ Alanine ouccus in place of glutamic acid 


pas 


uiled answers of the following questions: 
are chromosome? Give their chemical composition a 


with help of experiment that DNA is the heredita ry 
Watson and Crick model of DNA andits re 
j < 
Y~ 
short answers of the following questions : 
oy 


pe 


_ What do you mean by karyotypes? 
_ What are autosomes and sex chromosome? 
Define chromosome and its type: 
“What is chromosomal theory of. fieredity? 
lame the components of nueleotides of hereditary material? 
- Whatis mutation? g~ 
_ Whatis transcription” 
_ What do E sickle cell anemia? 


- What is Phe etonuria? 


the {Showing terms: 


some 


"All cells come from cells". With these words, Rudolf Virchow captured the 

crucial importance of cellular reproduction for both unicellular and multicellular 

| Organism. All cells are descended from pre existing cells, cellular reproduction is 

absolutely essential for continue existence of life on earth. Cell reproduce by 

Vision process, form daughter cells. Each daughter cell also inherits about half of 

md Parent's cell cytoplasm : including full complement of ot ganelles. Each rouna of 
©wth and cell-division is called a cell cycle. 
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a 7 : Ce y 
It is a natural question what makes the cell divide or why the renn, 


op c - If we take a unicellular organism, for example Amo Pr 
a it feeds, grows and attains a certain size; afterwards it divides Oe i J 
rand dif Amoeba is starved, it shrinks and stops dividing. Therefore, it appe: so a 
he cell division is a way to keep a constant ratio between the amount of cyte eit 
and nucleus. It means that the division of cell is regulated by the amon 99 


nucleoplasm. This can be explained by the fact that the nucleus gove of 
activities of cell and can efficiently control only over a certain amount of oon ® the 
Hence, the growth and development of every living organism depends plasm, 
growth and multiplication of its cell. In unicellular organisms, cell division iş o” 
means of reproduction, and by this process, two or more new individuals the Ey 
from the mother cells. In multicellular organisms, new individuals-develop front 
single cell, the zygote; it is the multiplication of this cell and its descendants To p 
determines the development and growth of the individual. t g 
In general, every cell has essentially two periods in the-life cycle; interphase 
(non-division) and division (which produce two daughter cells). Many cells undergo be 
a continuous alternation between divisions and /non-division. The events in 
occurring from the completion of one division untibfhe beginning of the next 
division constitute cell cycle. This cycle is repeatedsat each cell generation, but the } cc 
length of the cycle varies considerably in different types of cells. g 
Division may take place by mitosis>or meiosis. The cell cycle can bel if 
considered as the complex series of pherniérienon by which cellular material is } h 
divided between daughter cells. s 


INTERPHASE AND CELL DIVISION 

The non dividing initial phase of the cycle as the interval between two fy 
divisions called interphase. During interphase, cell simultaneously carries outits f ; 
work, grows and prepares. itself for next division and duplicates its DNA. The } , 
nucleus is clearly visible.as‘a distinct membrane-bounded organelle, and one or } ; 
more nucleoli are usually prominent, but chromosomes are not visible in the | | 
nucleus. The interphase chromosomes are so thin and tangled that they cannot be | | 
recognized as separate entities. They appear only as an irregular granular looking 
mass of chromatic material. 


7.1.1 3- Substages of interphase: 
Interphase is divided further into three sub-stages Gi (gap one 


S (synthesis) and G2 (gap two) phase. 

G1 is phase of interphase where no DNA synthesis occurs. During this = 
phase synthesis and organization of substrate (RNA) and formation of ean 
required to DNA synthesis occur. It is most variable in duration and takes abou a 
to 50% of the interphase. The G1 period is of great interest in study of cell eee i 
and its control. At a point late in G1, a cell follows one of two paths, ie 
_ withdraws from the cycle and enters a resting phase or Go stage oF enters 1! ; 
) to complete the cycle. Cells that enter Go remain viable and metabolica" 


RY ive but do not divide. 


Sub-stage 
pmosomes are generally 
rved as single-stranded 

res while in Go sub-stage 
become double stranded, 
ssing two chromatids each. 
By the end of G2 the volume of cel] 


has roughly doubled, DNA has [EA 
been replicated and mitosis (M) is Nordividing 
initiated. a T 
The duration of the 


Gi 


complete cell cycle can vary NES hii 
greatly. Though usually lasting Anéphase Metaphase 
10-30 hours in plants and 18-24 

hours in animals, it may be as 

short as 20 minutes or as long as . P 

Eei days EE weeks. fig 7.1 The eukaryotic cell cycle 


Of the various periods of 

the cell cycle the Gi period is the mo&tjvariable, in most eukaryotic cells, it lasts a 
"minimum of three to four hours. Depending on the physiological conditions of the 
cells, it may last days; months, oryears. The S and G2 periods on the contrary are 
relatively constant. In most cellsDNA synthesis takes place in seven to eight hours 
and G2 period lasts two to five hours, where-as the period of mitosis requires only 
_ about one hour. 

After completionof interphase cell division (mitosis-M) is a dynamic period 
Tof vigorous and continual activity. For the sake of study it is also further divided 
into 4 phases with’ specific events. These stages, in order of occurrence are 
prophase, metaphase, anaphase and telophase. 


7.1.2 Cell divisions: an 
l is mitoti i i its into 
__ The next phase is mitotic phase (M-phase) in which a mature cell sp 
vo daughter ale. The division of a cell is achieved by two integral activities such 
the division of nucleus (karyokinesis) and the division of the cytoplasm 
nesis). Usually the karyokinesis is followed by cytokinesis. £ 
Following are the two main types of cell division, called mitosis an 
tiosis. To this we may add amitosis. 


cell-division of Prokaryotes: a 
ion without the formation opie an _ semen pr 
i i i i e mi di p p n F prer: 
et The e pekara may not be divided in a similar na 


_ nuclear budding. When the nuclear portions are more than two in n 


WWWW.YOUtTUDE.COI/C/ WVUUATDYIYTUTUNCUUM 
A cra 
When the nuclear portions are unequal in size, the process is generally 


‘Umber 


phenomenon is referred to as nuclear fragmentation. This kind of cel] 
occurs mainly in bacteria, old tissues, abnormal and diseased tissues suain 
cancer and tumor. ag 


CELL DEATH (Necrosis and Apoptosis) 

n Cell death in multicellular organisms is controlled by two fundamen 
different ways i.e. either cell carry out self destruction (Autophagy) in the abse f 
of survival signals or cells are may be killed due to injury. In contrast tọ 5e 
destruction the death of living cells that result from tissue injury is call 
necrosis, during which cell swells and bursts, releasing the intracellular toxing 
which can damage neighbouring cells and cause inflammation. r 

Apoptosis (Gr. means dropping of or falling off) is.a-type of orderly or 
programmed cell death in which the cell responds to certain signals by initiating 2 
normal response that leads to the death of the cell. For example during embryonic 
development, the growth of the cells in the spaces betwéen the fingers that are no 
longer needed; undergo apoptosis 

Apoptosis is thought to require the activation of a specific set of genes that 
have evolved to destroy the cell in a way that has the least effect on its neighbouring 
cells. Death by apoptosis is charact ed by-over all compaction of the cell and its 
nucleus, by the orderly dissection of théychromatin by special DNA splitting 
endonuclease and the rapid engulfment ofthe dying cells by phagocytosis. 

Apoptosis is a common occurfénce during embryonic development, but it 
also occurs in adult tissues and may be a particularly important weapon in the 
destruction of cells that have the potential to develop into malignant tumor. | 

Apoptosis appears to be ynediated primarily by the release of Ca*’ and the 
activation of certain proteins-kineses and required activation ofa specific set of gene. 


MITOSIS 

The mitotic cell’eycle consists of interphase and mitosis. The process of cell 
division called mitosis is more or less similar both in plants and animals. It takes 
place during embryonic development and growth. It is also necessary to replace 
cells that wear.out, e.g. blood cells, skin cells, intestinal lining etc. The process% 
mitosis is very regular, divisible in four stages; Prophase, Metaphase, Anaphas?, 
and Telophase. It is in fact a continuous process during which one phase pa 
into the other. As a net result of mitosis the nucleus divides to form two daug! A 
nuclei (karyokinesis) and the cytoplasm also divides to give rise to two daue te 
cells (cytokinesis), which is not a part of mitosis but necessary for comp 
division of the cell. 


Prophase: ca 
As the prophase starts, the chromatin network breaks up to form long i and 
threads called chromosomes. Later in prophase the chromosomes Shore? ing 
thicken. Each chromosome is in fact a pair of fine threads, called chromati 
so close that an individual chromatid cannot be distinguished at this $48” 


hromati¢ chromosome 
pleas a circular achromatic zone in ẹ 


are held together at centromere which is 
ach chromosome. 


Poles 
will divide, 


Centrosomes Aster 


Early mitotic 
Spindle 


Chromatin Fragments of — Kinetochore 


Centromere nuclear envel 


Non-kinetochore 
i microtubules 


Nucleolus Nuclear Plasma Chromos: 
envelope membrane of two sis 


Metaphase plate 


Nuclear eis 
Daughter envelope forming 
chromosomes 


Fig 7.2 Different stages of Mitosis 


Duri: ase chromosomes are uniformly distributed in the 
ng early proph S 


ri e pr re: ec es r e to e peripheral 
the prophase progr Sses, S OV penp 
nucleus. As h: I 1romosom m tł h 1 


u membDpr f omes 
thi clear embrane and the central par of the nucleus bec 
Part, near S 1 t 


pty There is maximum shortening o her development 
i i i g fthe chromosomes. Anot J D 
ing l duri prophase is the appearance of spindle fibers outside the 
8 place uring 


e anim p Ses t of the 
I i i imal and plant cells. In mos 
cleus. ‘heir formation varies in som L Sea tata aie i 


i ctures called centri l si 
Es it “cotati set remain at its mar io — ci 
ores tothe opn las nn A the centrioles get apart, very 5 e flere e 
tween and aoraki Ultimately a structure is formed in 
and aroun em. 


called mito appar atus contains three es of fibers: 
ti paratus his types f 
; cap ` 


Continuous spindle fibers; RE. 
; Halfor discontinuous spindle fibers; running from pole to equator, 
iii) Astral fibers; short fibers radiating from the centrioles only at poles 


: Higher plants and some insects lack the centriole. In them the gy 
appears with its fibers converging to pole regions comparable to the area Occup 


by centriole in the animal cells. During late prophase nucleolus (nucleoli a m 

nuclear membrane disappear. 

Metaphase: : i 
The chromosomes arrange them selves at the equatorial plane Of the 

spindle. Each chromosome is attached to the spindle fiber by the Kir hore 

of centromere). Up to this time the chromatids remain togetheryAt the end of 

metaphase the centromeres divide, thus freeing the sister chromatids so that; 

the next phase they can be drawn to opposite poles of the spindle by the 7. 


microtubules attached to their kinetochore f 


The contraction of the spindle fibers takes place at this stage, as a result of 
Which two sets of chromatids migrate towards opposite poles of the spindle. The 
Contraction of discontinuous or half spindle fibets continues until the two sets of 


urometics reach the opposite pols 


Anaphase is the stage of mitosis charapter by the physical separation of sister 
chromatids. The poles of the cell apespushe t by microtubular sliding, and the 
Sister chromatids are drawn to opposite poles by the shortening of the microtubules 
attached to them. 


When the two Sets of chromatids reach the opposite poles, the fibers of the z 
spindle start disappearing and the nuclear membrane and nucleolus (nucleoli 
start reappearing Awo daughter nuclei are formed. This completes the process of 
P neni 


K |: 


is the stage of mitosis during which the mitotic a sembled 
c pparatus as: 

during prophase is disassembled, the nuclear envelope is reestablished, and the 

normal use of the genes present in the chromosomes is reinitiated. 


Js followed by cytokinesis. In animal cell a 


ss of mi 


tosis provides a means to d 
levelop from Stage to 
er during life. By simple mitotic Aitola new 
body for the formation of tissues and organs. 


| As the millions of cells in the body are product of mitotic divisje: of original 
vi puote, each cell contains the same diploid number of th e kind of 
- a. > this ay: the mitosis results in equal, titative and 
quali ative distribution of the chromosomes, togeth: with the h itary 
material to the daughter cells t} ‘by iji ne 


iat are produced by mitdgts. 
3.1 Cancer as a result of uncontrolled Cell-Division: 
In 1908 Wilson, des 


f cribed how living sponges. eré forced to dis-aggregate 

ito isolated motile cells and then, upon standing re-aggregate to form fresh 
nges. Much later it was found that embryonic’ tissues treated with trypsin 

ociate into individual cells, and then re-ageregate to form the specific pattern 

the original tissues. The Process of re-aggr@gation depends on the motility of 

cells, and intercellular coupling. Some celsi 

may regain it by fusion with norm 


10W no intercellular coupling but 
al eélis. Experiments have shown that cell 
dissociation and re-aggregation of ce 
hen cells show no intercellular cow 


llSof a given tissue recognize each other. But 
“show inhibition of cell motility and 


pling or could not re-aggregate and do not 
‘cells become cancerous. In theseXeancer cells the mitotic rate is not inhibited and 


also of mitotic activity as in normal cells, such 
5 


the cells tend to pile up amitgtitally, forming irregular masses several layers deep. 
cells show less adhéSion to the solid support or among themselves and 
notility is more pronouncéd: 


The cancer cellsjare developed by mutation of cellular genes that control cell 
th and cell mitati$/ Thus, chance alone is all that is required for mutations to 
suppose that a very large number of cancers are merely the 
occurrence. Yet, the probability of mutation can be increased 
exposed to certain chemicals, physical or biological factors such 
iation, X-Rays, gamma rays and radiations from radioactive 
ces and even ultra violet light. In many families there is a strong hereditary 

to develop cancer. ? i 
animals, oe types of viruses can cause some kinds of cancer, including 


à : h 4 bx & 
this case A strand of the virus can insert itself directly into one 
“4 me: x mh . ee the mutation that leads to cancer, 


r cells kill? ; > 
issues for nutrients. Be 

Eiaa coips with normal tiaau Por nuiiena SEA 
to divide indefinitely, their num 


demand essentially all the nutrition available to 1 
al tissues gradually suffer nutritive death. 


MEIOSIS 


pii Meiosis or reductio 
ing in the reproduction of germ cells. The pro 


occurring 
plants and animals. 
In animals it occurs du 


n division is a special and prolonged type of cell 
cess of meiosis occurs 


ring gametes formation whereas in plants, it 
during spores formation. It has already been stated that every species of ani 
plants has a definite number of chromosomes and that this number r an 
constant in its somatic cells, generation after generation. To keep the num 
constant, the chromosome number in gametes is reduced to half. When male 
female gametes and their nuclei fuse, the normal number, ‘of chromosomes 
characteristic of each species is restored. The somatic or vegetative cells having the 
complete number of chromosomes are called diploid (2n). While gametes contain; 
halfof the original number of chromosomes are called haploid (n) or monoploid. 


i al Sister chromatids 
Wentresomes | Spindle kinetochore Métaphase remain attached 
/ | / \ plate \ 


\ 

Nuclear Chromatin Sister Tetrad D 
Centrom 

envelope chromatids a 


Sister chromatids 
separate 


which are not id: 
lentical aft 
ar di er crossing- 
Vision, and the chromosomes do not reie oia Weigh 
n 


events of Meiosis: 
Meiosis consists of two successi 
‘ 3 A essive divisi 
“a reduction division, during which ARE mother cell. The first division 
ughter cells is re duced to half (n). th omosome number (2n) in both 


ingin four cells, each having the AS paS is simple mitotic division 
ting ed number (n) of chromosomes 


á th, first ENE 
tec: . — S divisions are divisible into four stages\known as: 
» Anaphase I, and Telophase I in theMirst meiotic 


division, and Prophase II, Metaph 
Second meiotic division. phase Il, Anaphase II, and Telophase II in the 


First meiotic division: 


prophase I: 


The prophase of the first meiotic divisiona i 

= : c ivisioñ\is longer in duration and 
significantly modified in comparison to the mitétic prophi i 
sub-stages are recognizable in prophase I: prophase: Tas ee 


i) Leptotene ; ii) Zygotene iii) Pachytene 
iv) Diplotene v) Diakinesis 
i) Leptotene: The leptotene initiates meiosis. The cell undergoing meiosis is 


comparatively large in size and™ possesses a large nucleus. It has diploid 
chromosome number. The chromosomes or choromonemata in this stage are 
observed to be thin, long threads and longitudinally single rather than double as in 
mitosis. Each chromosome,presents beaded appearance due to the presence of 
dense granules of chromiomeres at irregular intervals along its entire length. 
ii) Zygotene: The zygotene commences with the movement of homologus 
chromosomes brought together by the attraction between them. Thus the 
chromosomes Of each homologous pair approach each other and become 
intimately associated to form a bivalent. T he pairing of homologous chromosomes 
is known as synapsis. It starts at one or more points along the length of 
chromosomes and the chromomere of one homologue synapse exactly with the 
_ corresponding one of the other. The nucleus now appears to have half the number 


_ ofchromosomes. 


| Synapsis is the close pairing of hom 


us chromosomes that takes place early in 
es of the two homologous 


Aa ; i DNA molecules 
| prophase | of meiosis. During synaps'®. the Fone homologue can 
= | chromosomes are aligned side by side. As a rgant a DNAstrand of on g 
| | pair with the corresponding DNAstrand of the other. 


e During this stage the paired chromosomes of the each p~ 

and thickened and are more readily distinguishable 
chromosomes twine around each other and each starts split, 
chromotids by a longitudinal splitting each pair forming four c 
tetrads. 


Diplotene: In this stage, the synaptic forces of attraction betwee, 


bivalent consisting of four chromatids, lapse and the chromosomes uncoj h ot! 
_ separate. The separation is, however, incomplete and paired chromosomes „p pe 
tact with each other at one or more points. These points of contact are kn, Ih ye 

L ta. Exchange of chromatid parts takes place between paired chromosomes 
_ due to the breakage and rejoining of segments of chromatids at chiasmata. ‘The a 
known as crossing over. The important thing to keep in mind is that whole blocks > ga 
genes are transferred between non-sister chromatids ofa tetrad during crossing Over po 


v) Diakinesis: The diakinesis is characterized by the disappearance of the 
nuclear membrane, nucleolus and completion of spindle apparatus, The 
separation of bivalents is completed by the process called terminalization, in 
which the movement of the chiasmata from the centromeretowards the ends of the 
chromosome arms takes place like a zipper, and at the -énd of diakinesis the two 
chromatids are held together only at their ends. Nowcthe bivalents become more 
thickened, contracted and prominently visible. Prophase I ends here. 


Metaphase I: 

The bivalents now line up at the equatorial plane. The tetrads then attach 
themselves to the half spindle fibers at the;céntromeres. Each chromosome of the 
bivalent becomes connected to the half spindle fibers of one pole and the other half 
with the half spindle fibers of the opposite pole 


Anaphase I: 5 
In this stage, each chromosome of the bivalent of homologues is pulled ; 
towards the opposite pole by.’the contraction of the half spindle fibers. The j 


anaphase is completed whenjthe two sets of chromosomes reach the opposite poles 
of the cell. 


The random orientation of homologous chromosome pairs on the metaphase plate and 
the subsequent separation of homologues from one another in anaphase are 
responsible for the independent assortment of traits located on different chromosomes. 


Telophase I? 
When the chromosomes reach opposite poles, two new nuclei begin to form. 
New nuclear membranes appear and the chromosomes uncoil. A brief pause in the 
east oe may ae However, the chromosomes are still double stran 
(consist of two chromatids) thus they are ready to divi i d the secon! 
meiotic division begins. y to divide againd 


5 Second Meiotic division: ; 
if _____ The telophase I, is followed by a short interphase which corresponds with 


c interphase. Sometimes the interphase may persist for a consi i 


enti ioles divide and th 
ndle of the first meioti vie right angles 
chromosomes (d lad j division. The nuclear membrane 


fhe half or discontinuous spi 
k Eivo thromatine Š Spindle fibers attach at the centromeres of the 


et separated at the centromere from each other. 


phase II: 


The chromosomes uncoil and for 
a nuclear membrane is formed. C 
sulting in four daughter ce 


X 
m separate groups and around each group 
ytoplasmic division or cytokinesis is followed 
lls, each with haploid ®imber of chromosomes. 


Sexual reproduction and the close association-bétween homologous chromosomes 
that occurs during meiosis probably evolvedas’ mechanisms to repair chromosomal 
damage by using the homologous chromosdme as a template. This repair mechanism 
then provided a ready means for generating genetic recombination by crossing-over. 


cance of meiosis: 


Meiosis is a logical @d necessary part in the life cycle of sexually 
reproducing animals\ahd plants, as it helps in restoring the definite number 
of chromosomes. As à result of meiosis the gametes are formed, each gamete 
possesses haploid (n) number of chromosomes and the fusion of gametes at 
the time of fertilization results in the diploid (2n) number. Thus meiosis 
helps in the maintenance of chromosomal number in species generation 
after generation. In the absenc« of meiosis, number of chromosomes would 
have doubled giving rise to abnormal growth, changes in species 
Aa and at the same time may prove fatal. 

Durin. rocess of meiosis crossing Over takes place between the two 
e P chromocamee, The crossing over and chiasmata pi am 
result in exchange of chromosome pieces between the pe hora ben 
Thus, new combinations of genetic materials are facilitated w 

the evolution of the new forms. 


Meiotic errors: 


nal course of meiosi 
t and enter two separa 


two chromsomes of each homologous pair 
aed cells, the gametes. But, sometimes 


TUDE. CONICIVIVDUATDTFUTU 


he pair fail to separate, resulting in the formation 
cells, one having both the chromosomes of a pair whereas 
chromosome pair. This failure in the separation of the 


h 


iromosomes due to meiotic error is known as non-disjunction, which 
normal chromosome number. 


= A change in the normal chromosome number is called hete loid 
animals have two of each kind of chromosomes but some species haye moe | 
two of every homologous chromosome. This condition is called polyploidy p, tan 
'n' represents monoploid condition of homologous chromosome 


nu; 
|, 


diploid condition, '3n' triploid and '4n' tetraploid condition. Polyploidy is cg, 2 
in plants but is rare in animals. The number of one or more chromosomes 
change during the formation of new individual. Such a change in an individua 
called an aneuploid in which chromosomes may be added or subtracted. a 
Human defects disorders due to abnormal number of chromosomes, 
Down's Syndrome (Trisomy 21): 
The most common type of human abnormality; ‘aneuploid’ is Dom 


syndrome or Mongolism. It was discovered that<mongoloid has an ext y 
chomosome attached to pair 21. One out of every 900 births show Down syndrome 

It is a maternal age defect for Down's Syndrome; Older mothers show greatly 
increased risk of having Down syndrome children. The abnormalities of this 
disease include mental retardation, with lowQ in 20-50 range, broad flat face ? 
eyes with folds, short stature, short handsand large tongue. Females may be fertile 4 


and may produce normal or trisomic progeny, but males never reproduce. Life 
Span is about 17 years and only 8% can survive up to 40 or above. 


Non-disjunction of sex chromosomes occur both in men and women. Non- 
disjunction in men produce sperms that are O (lacking any sex chromosome) or 
both XY instead of normal X of ¥Y¥ In women non-disjunction produces O or XX eggs 
instead of normal X, When normal gametes fuse with these defective sperm or egg 
the zygotes have abnormal numbers of sex chromosomes. The most common 
abnormalities are XO; XXX, XXY and XYY. Genes on X-chromosomes ate 
absolutely essential for survival, and embryos with no X-chromosomes always 
abort very early imdevelopment. 


1. Klinefelter's Syndrome (XXY): 


f The eombination of XXY one out of thousand males birth, results i 
Klinefelter's syndrome. It is because of one extra chromosome, ie. 47 (2n! 

trisomic condition. At puberty, these men show mixed secondary S 

b characteristics. For instance, the breasts develop but testes remain small with n? 
_ sperm formation. They are always sterile. 


2. Turner's Syndrome (XO): 


In unicellular organisms cell 


and by this process i 

mother cell. » two or m he means of reproduction, 

The non-dividing cell is said to be in the interpha > $ 
sẹstage. 


The cell cycle is exceptionall i 

ally rapid during th 
egg cell, the blastomeres divide without anki ienenine ar id 
cell. In this case the S-period is very shortánd G ning growth of the 
absent. nd Gi period may even be 


A cell division without the formation of spindle is called amitosis 


The process of cell division call itosis i i 
plants and animals ed mitosis is more or less similar 


As the prophase starts, the. chromatin network b 
coiled threads called chromosomes. ork breaks Se 


+ The process of mitosisprovides a means for development and growth. 
Meiosis or reduction division occurs germ cells at the time of gamete 


formation. 
The anaphase is completed when the two sets of chromosomes reach 


the opposite poles of the cell. 


+ Meiosis helps in restoring the 
characteristic of the species. 


definite number of chromosomes 


Encircle the most correct choice: 


i) At what stage of mitosis are chromosomes arranged along aplan 
the midline of the cell? at 
a) Anaphase b) Telophase 
Dg Metaphase d) Interphase. 
ii) Adiploid cell contains in its nucleus. 
—> a) an even number of choromosomes 
b) an odd number of chromosomes 
c) one copy of each homologues 
d) either an even or an odd number ofchromosome. 
iii) Synthesis of new DNA occurs during 
a) Prophase b) Interphase 
c) Mitosis d) Cytokinesis 
iv) Interphase consists of following Sub-stages, the correct sequenceis 
a) Gi, G2,S by’ S, Gi, G2 
—> c) Gi, S, G2 d) allofthem. 
v) Down's Syndrom is‘an example of: 
— >a) Trisomic b) Monosomic wy e) 
c) Nullisomic d) None of them 
vi) A type of orderly or programmed cell-death 
a) Necrosis b) Apoptosis 
c) Synapsis d) Mitosis 
vii) Meiotic prophase-I sub stage where terminalization takes place 
a) Leptotene b) Pachytene 
c) Diplotene >d) Diakinesis 
viii) | Meiotic prophase-I sub stage where chiasmata are formed 
a) Leptotene b) Pachytene 
Pe) Diplotene d) Diakinesis 
ix) In animals the mitosis is 


a) Amphi- astral b) Anastral —, , { 
c) Multi-astral d)No-astral Pd, 


4, 


SOULUDE.COMI/CIVIVDUATDTFUITURCUUUTURSD 


ERN d ae pam questions: 
i o] an compare s 

compare it with plant ni ny Process of mitosis in animal cells and 
Draw and describe all th 
compare it with pr ohake TR of meiotic division-I, prophase-I and 
Draw the diagram and describe the E 


various phases and briefly describe the event that cece A 
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Write proe answers ofthe following questions: _ ro) 
i) at is an interphase stage during cell cycle? y 
Ii) What is Gi stage? 

iii) What is S-stage? 

What is amitosis? 

v) What is nuclear budding? 

vi) What do you mean by necrosis and.apoptosis. 

vii) | What is karyokinesis and cytokinesis. 

viii) | Whatis nuclear spindle? 


Define following terms: 

i) Mitosis ii) Meiosis 

iii) Mitotic apparatus iv) A mitosis 

v) Cytokinesis vi) Chromosome 
vii) Diploid stage viii) Haploid stage 


ix) Polyploidy 


(N 
Distinguish between the following : 
i) Prophase and telophase (mitosis) 
ii). Meiotic metaphase and mitotic me 
iii) Klinefelter and Turner’s syndrome 


taphase 
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VARIATION AND GENETI¢g 


News 


p es 


It was not until the year 1990 that biology finally caught up with Gregor wh 
Mendel. At that time, three botanists, working independently on plant breeding | is 
experiments, reproduced Mendel's results. By searching the literature, the ar 
German Karl Correns, the Austrian Erich von Tshermak, and the Dutchman Hug? 1 


de Vries all found that Mendel had explained the same results 35 years before. 4 
During the intervening years, biology had grown more experimental a D 
quantitative and thus more receptive to Mendelism. Nevertheless, many biolog!s ; 
remained incredulous about Mendel's laws of segregation and indepen er : 


assortment until evidence had mounted that these principles of heredity = y 
physical basis in the behavior of chromosomes. Mendel's hereditary factors-& 
are located on chromosomes. 
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cie has a spectrum i. pe 

variation for centuries jn da bateatic steaks 
historical roots of genetics, "the stlaniide on apr a 
by which characteristics are tr: rey 

ates back to the earliest attempts at 
the rules that govern h y 


ow i i 
to offspring and how variati nherite 


1S AND ALLELES 


Genes (Gr. genos = Birth race) 
, are the basic i i i 
g of a sequence of nucleotides that occupies a eens > on called 
$01 achromosome and is capable ofa biological expression. ItiSthe means by 
h one or more specific characteristics are passed on from parents to offspring. 


pS (Gr. allelon = of one another): Any of the possible alternative forms of the 
€, of which every individual inherits two (one frorféach parent), different 
ations of which produce different characteristics. 


1 Gene Pool: 
The total aggregate of genes in a population at any one time is called the 
ulation's gene pool. It consists of all alleles at all gene loci in all individuals of 
) population. For a diploid species, each locus is represented twice in the genome 
‘an individual, who may be either»homozygous or heterozygous for those 
n ous loci. If all members of à population are homozygous for the same 
le, that allele is said to be fixed ifythe gene pool. Usually however, there are two or 
fealleles for a gene, each having a relative frequency (proportion) in the gene pool. 
An example will maké,more clear the concept of allele frequency more clear 
gene pool. Imagine a Wildflower population with two varieties contrasting in 
colour. An allele for pink flowers, which we will symbolize by A’, is 
ely dominarit fo an allele for white flowers, symbolized by ‘a’. For our 
d situation\ these are the only two alleles for this locus in the population. 

is iat ion h 0 plants, and 20 of these plants have 
se this ignaginary population has 500 plants, ; nen 
e flowers because they are homozygous for the recessive allele; their genotype 
The other 480 plants have pink flowers; 320 are homozygous (AA) an 

a r iploid organisms, there are a total of 

ero Aa). Because these are diploi g Te an 

Sp oe 1 in the population of 500 individuals. The 
Copies of genes for flower colour (320 X 2 = 640 E — 
EEE (A) accounts for aag Sega yee oe of the A allele in the gene 

iy mat Thus, 

ot" 160 for Aa individuals). Tau ~ 80%. And because there are only two 
population is 800/ 1000 = 0. sney of 0.2, or 20%. 
s of the gene, the a allele must have a frequency 


i uencies of genotypes. In our 
akan eng eens AA = 0.64 (320 out of 500 


ower population, these fr l 
32 (160/500), and aa = 0.04 (20/500): 


‘The work of Gregor Mendel: 


_ Earlier investigators who had made hybridization experiments with 
failed because of their methodology and choice of material. Gregor nts 
_ Mendel was familiar with the work of his predecessors. The reason of his gy Ohn 

lies in his wise choice of material and his methods of study. Ceesg 


a5 Choice of experimental Material: 


The element of luck in choice of experimental plant i.e. Pisum satiy 
(Garden pea) played a great role in the success of Mendel. This plant has following 


favourable characters. 
i) The plants are easy to cultivate. 
ii) This plant is self-pollinating and cross pollinationscan only take, 
place artificially. 


iii) Artificial breeding is easy as flowers are comparatively large wit, 
numerous varieties are available with sharply defined contrasting 
characters, such as height of plant, seed-Surface, seed colour ang 


colour of flower etc. 
iv) Resulting hybrids are fertile. 
v) He also avoided the complexities that had troubled the earlier 
worker. 


2. Method of study: 
Mendel started his studies by planting pea seeds with different 
Characteristics and then crossing their flowers to see the pattern of inheritance of 
Characters in the next generationxHe studied the inheritance of such contrasting 
characters like green versus yellow seed colour and wrinkled versus smooth seed 
coat. He maintained a compléte record of each cross and made exact counts ofeach 
type of offspring. Mendel found that the cross between green and yellow resulted in 
all yellow seed coats. H repeated this experiment with many strains of peas and 
came to the conclusion that when pea plants with two alternate expressions of the 
same character were'crossed, one of the two appeared completely in the offspring, 


while the second did not show itself at all. He thus derived the Law of dominance. | iom 
The character that was expressed in the first generation is called dominant and | inhe 
the contrasting character, which was not expressed called recessive. Similarly, | Asse 


Mendel discovered that in peas, the round seed coat character was dominant over 
the wrinkled, the red flowered over the white flowered and tall over the dwarf. 


Mendel then proceeded to sow the hybrid pea seeds of the first generation 

(Fi = First filial generation) and the resulting plants were allowed to self fertilize t0 
produce seeds of the second generation (F2). He found that in F2 generation seeds 
of both yellow and green colours i.e. the dominant and the recessive appeare te 
_ the ratio of 3:1. He also discovered that whatever the character pair he studied, 
ratio of plants with dominant character to those with recessive character 


_always close to3:1 (Table. 8.1). 


All purple 705° Coloured 
Na White 
Total 
All green 


Mendel e€ a generalized theoretical explanation of his results obtained 
these riments, which are now firmly established as Mendel's laws of 


tance. These are the Law of Segregation and the Law of Independent 
tment, 


2 LAW OF SEGREGATION (Mendel's first law): 


When pairs of contrasting characters are brought together in an individual 
i mix up nor affect each other. At the time of gamete formation the 
reach contrasting character separate and pass into different gametes. 


3 each gamete contains only one allele of a particular character and is 
e. This separation of allele is called law of segregation. This law | s 


pi purity ofgametes. 


Wrinkled seeds 


Yellow X Green cotyledons 


Purple X White flowers 


Smooth X Constricted pods 


882 Smooth 
299 Constricted 
Total 


Green X Yellow pods 


Axial X Terminalflowers 


651 Axial 
207 Terminal 
858 Total 


egregation: Each org 


é anism contains 2 factors for each ta 
ring the formation of gametes so that each gamete contains 


factor for each trait. When fertilization occurs, the new organism receives 3 ’ 


| factors for each trait, one from each parent. 


8.2.3 Single trait inheritance: 
i The cross between two parents differing in one trait is called monohybrią, 

cross and the ratio obtained in F2 generation is calle The 
result obtained from mono hybrid cross is spo 


Parent 


Genotypes 


P1 Gametes 


F1 Generation 


D 


F2 Generation 


Gametes OQ 6 Gametes 


d monohybrid-rati 
ken as single trait inheritance, 


Pi Yellow seed Green seed 
plants plants 
+ A 


To S T 


ô Gametes = e Q Gametes 
° ° 
° eo 

© 
Yy* 
Yellow seed (Hybrid) 
plants 
Xy x Xy. 
e e 
e e bd 
e s e 


Gametes 
eee 


G) YY Yy 
Yellow Yellow 

@} a | 2 
Yellow Green 


Fig 8.1 Monohybrid cross 


. The results achie “ ~ 
tance of two tra re edas 


garden peas w 


metimes involved two or even more chare re: ues limited to single character, 
. Parent = Yellow - R 
=~ (Homozygous) een ees X Green -Wrinkled seoa 
a 
; YYRR YY 
Gametes YR y 
$ \ 
AN / o? 
F Aayo ó 
Y YERA NO 
i \ 
Gametes Yéllow - Round 
Females (Heterozygous) 


Ny R yr 
YyRT 
Yellow 
Round 


Yellow 
Round 


YOT- 


Yellow 
Wrinkled 


YOR 
Yellow 
Round 


Yellow 


| pas: Round 


YY IR 
Yellow 
Round 


Y Speer 
Yellow 
Wrinkled 


F2 


yYRR 


Yellow 
Round 


yR 


y Youn Y Yokak 
Yellow Green 
Wrinkled Wrinkled 


s 
Fig 8.2 Inheritance of two pairs of characters in peas showing independent assortment 


i i i involvi its (Dihybrid- 
This experiment revealed that in crosses involving two traits ( 

: cross) some Bs OE new plants, unlike either of the original Sapa: 
lants, were produced. In other words, it demonstrated that the genes pes 
ur and seed shape did not necessarily stay together in the combin 


they occurred in the parental generation. Instead they assorted independent 


other. This led to the formulating of a law called Law of Independent 
ent, which states that: 


7 beT of one pair of genes segregate independently 


r X inati f the seven pai 
1 found this true for all the combinations of Pairs or TAi 
d in his pea crosses. Yet, there are important exceptions and hence it ign 
law. : 


: ir of factor se 
's law of independent assortment: Members of one pair of gregate 
(assort) EE ndeni, of members of another pair of factors. Therefore, all possible 
a? combinations of factors can occur in the gametes. 


_ 8.2.5 Test cross > g- 

i Cross fertilization of a phenotypically dominant individual, with a 
homozygous recessive individual is called a test cross. It helps in determining the 
homozygosity or heterozygosity of the dominant parent. When dominant 
homozygous parent is crossed with recessive, all the offspring will be dominant 
phenotypically. But when cross is between heterozygous dominant with Tecessive, 
then half will be dominant and half recessive offspring are produced. 


The results are shown diagrammatically in figure 8:8a) and (b) 


If itis the case of Homozygous dominant, If it is the Case of Heterozygous dominant, 
Genotype T t tt 
| T T t t e e . b 
P . . . 
. 
. 


Gametes @) © © © 


Result : All tall plant 
Fig: 8.3(a) 


Fig: 8.3() 


INCOMPLETE DOMINANCE AND CODOMINANCE 
8.3.1 Incomplete dominance: 


___ The F offspring of Mendel's classic pea crosses always looked like on€ wae 
wo parental varieties because “of the complete dominance of one allele ov 
ther. Many characteristics in a variety of organisms show this ™ j 
nce. But many others do not. They may show another phenomeno” 
ce called incomplete dominance or intermediate inheritance. j 


VYQULUDE.COMICIVIUUATDTFUIURCUUUTU 


Fi Generation 


ink coloured flowers Incomplete dominance 


yielded red, pink and white flowered Gametes 368) VC 


are designated by same capi 
rau : pital 
letter. To distinguish between them, Fe Generation LE) 
a superscript is used hence: Th 
Symbol for Red flowered plant=C* À 


Symbol for White flowered 
plant=C” ; 
Fig: 8.4 
8.3.2Codominance: Incomplete dominance in snapdragon flower 
a? X ead It may be described as phenomenon of 
ate inheritance in which both alleles of a 
contrasting character are dominant and 


® ® express themselves in heterozygous 
individual neither masking the effect of one 


another. 
Be nen In a cross between a true breeding short 

horn red cattle and a true breeding white 
short horn cattle, the offspring have roan 
colour. A close examination of the skin of roan 
coloured animal shows that the animal does 
not possess an intermediate shade of skin 
colour, but it appears so because of mixture of 
red hairs and white hairs. It is clear that none 
of the two genes is dominant over the other. 
Such pairs of alleles of a gene are said to be 
codominant and the phenomenon as 
Saal ROAN WHITE codominance (Fig: 8.5). 

8.5 Cross showing codominance 


ae 


ogg te Lire 


re cattle = R”, es 


ving three or more allelic forms are called 
xample of multiple alleles in human beings is 


rpe of the blood group that a person may have, 
nce of certain specific substances in the red-blood cells. 


s and are of two kinds Antigen A and Antigen B. s 
n with antigen A has a blood group A, and that with anti; sae 
has blood-group AR Silay 


p B. A person with A and B antigens g po 

king both antigens falls in blood group O. pP 

Itis now known that there are three alleles responsible for X trait Gene p of be 

and I" are responsible for the synthesis of antigens A and B respectively. Their pve 


alternative genes (i) synthesize no antigens at all. As only two ‘alleles can occur in 
one individual, therefore, the three alleles can have~ only four possible 
combinations, as shown in the chart. 

The alleles I’ and I" are co-dominant and bothare dominant over allele i’ 


Blood groups are also helpful in determining the paternity. 


Table 8.2: Various blood-groups of Human beings 


BLOOD GROUP GENOTYPES_|ANTIGEN PHENOTYPES j 


Blood - Group A 
„ři 
a 
a y 
ii 
: Antigen 


A Homozygous 


Heterozygous 


B Homozygous 


Heterozygous 


AB 


Heterozygous 


Be) sees. 
ne of the genes is res 
i ‘POnsib], 
eae ERER whereas jeesus factor. An 
recessive all e tigen R pa 
e allele produced as 


_ The possible genotypes and ait 
en 


e therefore can be: otypes in hum. p does ies Conant 
phenotype Gs eings in relation to 
ve o! 
R +ve or R positive RR phon Antige 
R’ -ve or R" negati IRET ntigen 
ne r R" present 
About eee 


invade the foetus and attack its red blood cell 
ells 


anaemic. Fortunately this conditi , causing the chi 
ible th ition can no ng the child to be born 
‘| substance that prevents formation w be easil - born severely 
of Rhiantibodies ou ea tee 
s by the re de ons of a 
gnant woman. 


8.4.1 Epistasis (Genic interacti 
4 tion and modi i 
(Gr. Epi = on, stasis - astanding still) odified ratios): 


A phenomenon in which one gene alters the ex OnE 

is independently E red. On interaction mes e expression of another gene that 
eee one zeen two moné i a . 

one of them modifies the phenotypic expression of the — genes in which 


Py Wild (gray) Wild (gray) 


aa 
OE 
AT í 
4 9:B-C- Gray 
= 
ka 


= 0000 SOOO” = M - os 


Offspring ` 
Ai o a ps 3:B-cc White 
BBCC BBCc BbCC BbCc 
(gray) (gray) (gray) (gray) 4 
BBCc BBcc BbCc Bbec i 
(gray) | (white) (gray) | (white) cc White 
BbCC BbCc 
(gray) (gray) 


BbCc bbCc 
{black} 


bbCc 
(black) 


bbec 
Fi (white) 
A 
Fig: 8.6 Cross of two dihybrid gray mice 


“the basis for various kinds of 


due to recessive allels or dominant alleles of the epi. 
called recessive epistasis and dominant epistasjg “it 
epistasis: Let us take an example from the inheritance 

é in which more than one pair of alleles is known to infest 
on. In addition to the wild grayish colour, there are other possi 
k or white. bilities 
ding these three types - grey , black, and white - two pairs of alleles 


to be involved. Wild gray, depends for its expression on eae sect fa 
he recessive allele, b owever, for 


int, B; black pigmentation depends on t ) 
mentation at all, gray or black, to develop, the dominant ailléle, C, must be pig 
ent at another separate locus. The recessive condition, cépresults in a white 

mal, regardless of the gene of any colour form present at the first locus. 42 

Assume that two dihybrid animals are crossed: BbCé x BbCc (Fig:8.6). Both b 
are wild in coat colour because each possesses thedorńminants for gray and for = 
pigment production. Among their offspring, the following can be predicted: 9B-¢_ aa 
(gray): 3 bbC- (black): 3 B-cc (white): and 1 bb ce (white). Notice that these kinds of i situa! 
genotypes expected from a dihybrid cross are actually obtained; however, the $ addit 
“expression of the genotypes is so altered by genic interaction that the expected } here 
phenotypic ratio of 9:3:3:1 is modified toja ratio of 9:3:4. This is so because the | stif 
genotypes B-cc and bb cc cannot berdistinguished from each other. Any pigment 7 
in the hair requires the presence ofthe dominant allele, C. It is as if the 'c' locus can ie 
suppress the expression of the pigment factors at the 'b' or B locus. This is the case } no p 
ofdominant epistasis as dominait allele is responsible for altering the phenotypes. } dom 

In one way, this may remind us of dominance, but use of that term is 

Nun 


restricted to the Eg between a pair of alleles (B is dominant to b). Another 
word is needed to describe the suppressive influence of any genetic factor on 
another that is its allele. Such an effect is called epistasis (Fig: 8.7)- The 
ur in mice nicely illustrates recessive epistasis because the 


i example of fur 
ouble recessive condition, cc, is required to mask the expression of genetic factors 
for pigmentation at the 'b' locus (Fig: 8.6). s 
3 of 


Dominant epistasis: Epistasis, however, may result from the presence 
inant allele ( Fig: 8.7). Example fur colour in Guinea pig. 


Dominant fur colour = Black =B 
Recessive fur colour = Brown = b 
nant epistaic allele = Interferring >] 

i 


epistaic allele = Non-interferring = i 


» iy IARA É G 


Continuously varying trait (Pol 
The traits that are control 
s, which manifest themselves į 


guish the two pairs, subscript 1 afd? are used for each gen 

ant alleles are written as A1 and.A2 while the recessive fe a cada’ Sa 

dominant alleles Ai Ai, A2 A2four doses of pigments are produced, thus the 
of the kernel will be deep dark red. With all the recessive alleles ai ai, a2 a2, 

pigment is produced and ¢éléur remains white. The intermediate number of 

jominant alleles yields intermediate intensities of red colour. 


? Skin colour, heighħànd intelligence are polygenic traits in human beings. 
umber of flowers, fruits and seeds produced by plants and quantity of milk, meat 
egg produce by animals are also some of the example of polygenic traits. 


8. Pleiotropy {interrelated pathways in metabolism): 
E 


Few s etic pathways are simple. Most of them are not independent but 
ked to others, so that any one product in a sequence may be essential to one 
pathway or more (Fig: 8.8). In the illustration, a lack of C substance 
o defects in two end products A and Z, because both pathways leading to 
ire C for their completion. Since metabolic pathways are a 
d in this way, it is not surprising to learn that a gene, when s = 
, is often found to have more than one phenotypic effect. One of these ‘ 
onounced than the others, but the latter are real and detectable. 


fruit fly, the recessive allele responsible for white eye 


colour of the testes and even the shape of the sperm recep 
cats, the genetic factor responsible for white fur and blue 


SCOMVCIVIULAIDYTTFUIUNREGE 
i VARIATION AND 


Ttiple f a single gene or allele are termed plej 

1 mp) mana is t st of the disorder phenylketomune" by 

‘ited as a simple Mendelian recessive trait. In soa unfortunate i 

mental retardation is a typical symptom. Affected children, howerdi 

to have light hair and light skin pigmentation. Blood and uring i 

eveal abnormally high levels of phenylalanine, an amino acid concentraten Nie 
protein of milk, cheese, eggs etc. already described in chapter 6. in 


Substance Enzyme D> substance Enzyme C, substance ‘EnzymeB End product 
eae. a 
D Cc & 


Sup, 
St 
y ee Eoo 


X by A 
i Substance —» | ~ =z--------- steps in path way "A" caññot proceed 2 ey A et 

Se ne 
Steps in pay, Way "tb 

canot 

Fig: 8.8 A branched metabolic pathway Proceeg J 

whe 
B 
LINKAGE AND CROSSING OVER ya 
According to a conservative estimate, there are thousands of genes in the J o 
four pairs of chromosomes of Drosophila~It means that each chromosome | Vv ! 
contains a large number of genes, similaris the situation in all organisms. The f wing 
chromosomes behave as single units. All the genes in a given chromosome tend ty | colou 
remain together during inheritance.(This tendency of genes in a chromosome to | of tÙ 
remain together is called linkage. However, this linkage is not absolute and the | fies 
genes do not remain locked up.in the same chromosome forever. Otherwise, the | hom 
inheritance of traits would also have remained constant. During meiosis, the | wbb 

homologous chromosomes“come together and form pairs, a process called f re 
synapsis. Then soon after they sometimes exchange segments mutually, a process } inke 
called crossing over. This exchange occurs randomly along the length of } wer 
chromosomes. After separation, the chromosomes carry some genes that were earlier } onl; 


located in a differentinember of their pair of the homologous chromosome (Fig: 8.9). 
Inner chromatids 


Loci of 
gene pairs 
TF 
a2 
Homologous chromosomes or Exchange of i y z yand 
7 genetic material The genes arranged 
bivalents have paired up takies place between inner have been 
chromatids crossing over 


Fig: 8.9 Crossing over 


located in the same 
of chromosomes 
: 8.10). As they are 


nked, they tend to be 

herited together i.e. V B [:] (| 
with Band v with b. 
iy 


“ae Cry 
It implies that Non-crossover DI 
yhen a homozygous 
VVBB fly is crossed with 
a homozygous vvbb fly, 
all offspring would be 
Vv Bb i.e. normal 
winged, gray body 
colour flies. When one 
these heterozygous ormél 
flies is crossed with a 
homozygous recessive Sa ytd 
wbb and the genes JR A PRN 
remain completely A N A 
linked, and no crossing : 
over takes place, then. Fig: 8.10 
f only two types of Diagram of a cross involving linkage and crossing over. 
ndividuals wold The genes for vestigial versus normal wings and black 
‘appear equally if the versus gray body in fruit flies are linked; they are located 
offspring that would in the same chromosome 
tesemble fhe two 
Parents i.e. Bray bodied normal winged (VvBb) 
(vvbb) (Fig: 8.10). 
SEX DETERMINATION AND SEX LINKAGE 
It was found in the early years of this century that whereas in plants and 
most of the chromosomes are pairs of homologous chromosomes, the 
s of one pair are not homologous, ie. the two differ from each Be 
ogically. The exact pattern of differences of chromosomes between males 


ales of various organisms is different. The simplest situation 
- which the males have one — 


mal difference is found in grass-hoppers, in \ 
less than the female i.e. the females have 24 and the males have only. ; 


and black bodied, vestigial winged 


‘possess 12 pairs all the eggs possess half of 24 ch: 
hromosomes i.e. 11 pairs + one. At ‘hee 
e cell divides finally to give rise two 
f the daughter cell, givi > 
nd the other wie ty 


types 

omoso n 

tilization of grass-hopper egg ) TS, 

i of sperms. If a sperm wi Ze a female 

produced, but when a sperm with 11 chromosomes fertilizes the egg a ma 
which determines the sex of the individual 


. This odd chromosome, 
_ termed as the sex chromosome. The other chromosomes which are similar p (g 
males and females are called autosomes. a T 
In many other animals, ¢.8- mammals including man, the ‘difference į E red 
males and females is not of one whole chromosome, but of the’ shape of ae Rone | 
chromosome in one sex, which is unlike its mate and unlike any chromosome in sea 
the opposite sex. In man each sex cell has 46 chromosomes; of which 44 i.e. 29 fepdel 
pairs are similar in both sexes, these are called autosomes: The 23rd pair in female sults 
- consists of two similar chromosomes, but in the male ofthe 23rd pair differ in i 
shape, one of the two is like those of the female, but the second is much smaller, | inet 
these are called sex chromosomes. The two chromosomes of the female and one of gine 
the male which are alike known as X chromosomes, while the unlike smaller one prre 
only in male is called Y chromosome. The human female possesses a genotype of 44 pros 
+ XX chromosomes, whereas the genotype ofmale is 44 + XY chromosomes. agen 
The above stated situation that the male is heterogametic i.e. produces two 
types of sperms and the female is homogametic i.e produces similar and one type | mal 
of eggs, genetically is found in many-animals. But in some animals the position is }qwo ty 
ayed ¢ 


reversed e.g. moths, birds and some fishes. 


Sex linked inheritance: f 
A form of inheritancé in which the transmission of the genetic material is ig 
correlated with the sex ofthe parents is called sex linked inheritance, or any 
genetic trait which is transmitted through sex chromosomes is called sex linked 
inheritance. | 
Sex determination in Drosophila: 
Drosophila melanogaster (Black-bellied dew lover) is a 
which can be seen hovering around over ripe fruits. 
T.H. Morgan, a Nobel prize winner (1933) first selected this fly as his 
experimental animal. He noted that the male and female Drosophila 
differences in the chromosomes. The karyotype is shown in figure 8.11. 


common fruit fly 


of chromosomes which are same 
s autosomes, but the difference lies 


ther is hook shaped. This fourth 
-chromosomes because this pair 
Moreover the rod shaped sex 
male, which are alike are called X 
s called Y. Drosophila. Individual 
XY will be a male. 


in ked inheritance in Drosophila: 


T.H. Morgan (1910), performed various breeding experiments -wi i 

1 )), l ş-wWith wild 
red-eyed drosophila flies. He noticed a white eyed alane This was-male and 
ed out to be a true breeding strain of white-eyed flies. He crossed this white- 
male with true red-eyed female. The F1 and F2 population followed the simple 


ndelian ratio. But when white-eyed female was crossed with red-eyed male, the 
ults were not similar. 2 


To examine the details of various crosses made by T.H. Morgan, we are 
ing their representation in figures. We have represented the R for red-eyed andr 
recessive white-eyed flies. 

ROSS I: When red-eyed female (X? X*) is crossed with white eyed male (X! Y) the 
fi generation shows all red flies, female as well as male. 

The F2 generation shows red-eyed and white-eyed flies in ratio of 3:1 (all 
ales are red, but ⁄2 male red and 2 male-white eyed). Again female flies were of 
types. One producing only red-type(ffspring and another producing half red- 
dand otherhalf white-eyed offsprings. 


Parents Red-eyed female Vs White-eyed male Parents Red-eyed male Vs  White-eyed female 


anit DY Genotypes Key and XX 


y xt a x D E 
Pi Gametes & ®) &) a 


xX xX X®Y X' Y 


FzGeneration Fig: 8.13 Odei 


te-eyed female (X' X ) 


Fig: 8.12 Cross-I 


a i d with whi 
Then red-eyed male ( X* Y ) is crosse 
e a an cross-l. In F1 both types © 


f flies were produced that is red- 


d are females and all the why 
ed appeared in equal ratio tee 
d-eyed and half white-eyed g" 


s of results obtained from his experi 


= T.H. Morgan on the basi 
in X chromosome T 
- They 


concluded that eye colour in Drosophila is present 
chromosome carries no allele for eye colour. 


_Sex-linked inheritance in man: 


In human beings, male has XY sex chromosomes while female has 
ent on human X chromosom; 
e 


chromosomes. There are about 200 genes pres \ Are 
There are two most popular sex linked traits found in human beings, Thess 


deductions are purely based on interpretation of family histories as it is ta 
possible to conduct practical on human beings. The two sex linked ‘inheritance are 


described as follows. 


| Pedigree analysis is the acquiring of information about the phenotypes of ae 
members to infer the genetic nature of a trait from the pattern.of its inheritance. 
a) Colour-blindness: 

Itis a sex-linked inheritance found in humáħ beings. Persons suffering from 
colour blindness have difficulty in distinguishing red from green. It is a rather 
common trait and more common in males. [tis because Y chromosome is inert for 
this trait. Only one gene of this trait will render a colour blind man. While on the 


other hand a woman must have two genes for this trait to become colour blind. 
This trait of colour blindness ean easily be detected by using special charts 
made up of a number of coloured dots so arranged that colour blind persons seea 
different pattern than other persons do. 
The possible results ofvatious crosses are shown in the following charts. 


(i) Cross Between: N = Normal eyed male ) 


N = Colour blind female 


Colour Blind Vs Normal 
{J Male Female 


Offspring 
X"X" = 50% Normal daughter(carrier) 


X“y =50% Normal sons 


When a colour blind male marries a normal female, alt a 
be normal but daughters will be colour blind carriers: 


mE S 
Children SS 
Nyt 
X" X"= 50% Normal da (carrier) 


x" n 
x" x" x 7 
ee a 


When a colour blind male marries a normal female, all the sons will be 
colour blind, while all daughters will be normal but carriers. 


(iii) Cross Between: 


Normal Vs (Carrier 
Maje Female 
x` Y xx" 
Gametes «’) (x) Vs QA 
Sperms Ova 


When a normal male marries carrier female: 
x" x" =25 % Normal daughter(carrier) 


x" x" = 25% Normal daughter 
Y = 25% Colour blind children 


ring 
= Normal female(carrier) 25% S) 

Normal male 25% es 

Colour blind male 25% ~ 

XX" = Colour blind female 25% > 

50% daughters carrier and 


o 

xx 
LY: 
XY 


how WW 


When a colour blind male marries a carrier female, 
s colour blind and 50% sons colourblind and normal. 
B) Haemophilia: 
It is a sex-linked inheritance found in human beings. It is a defect in which 

the blood fails to clot after an external or internáNnjury, or it clots very slowly. 
Persons with extreme cases can bleed to deathi from even a small cut. Thus it isa 


very serious or even a lethal defect. 


Haemophilic Normal 
Father Mother 
Generation I. XY XX 
A 
é Normal Normal 
s Daughter Son 
Fi i K~ XX XY 
>> 
A A \ 
i Noma “i Hamro 
carrier female male 
XX 


Generation Il ; <$ XX Normal w, XY 


oe, 


female le 
"ame K X 
XX XY 
: d of sex linked recessive gene for haemophilia on 
chromosome with normal gene and J 


| DIABETES MELLITUS 


Diabetes mellit 
“aeficiency of Sates J perhans the best known endocrine disorder, is caused by 
fish flood glucose, so hish a response to insulin in target tissues. The result is 
fe andiy.the P RENA i at the diabetic's kidneys excrete glucose, which 
Boose concentrates in th ot sugar in urine is one test for diabetes. As more 
zA M sclsaries of urine e baa more water is excreted with it,resulting in 
Be cells as 1€ and persistent thirst. Because glucose is unavailable to 
mos ei foie major fuel source for diabetics, fat must serve as the main 
| substrate for cellular respiration. In severe cases of diabetes, acidic metabolites 


ed during fat breakdo ; pe 5 
Seed DA. wn accumulate in the blood, threatening life by lowering 


There are actually two major forms of diabetes with very different causes: 
ype I Diabetes Mellitus (insulin-dependent diabetes) is an autoimmune 
yan] disorder, in which the immune system mounts_an attack on the cells of the 
pancreas. This disorder usually occurs rathér suddenly during childhood, 
destroying the person's ability to produce insulin. Treatment consists of insulin 
injections, which are usually taken severaltimes daily. Until recently, insulin for 
| injections was extracted from animal pancreases, but genetic engineering has 
provided a relatively inexpensive source of human insulin by inserting the gene for 
the hormone into bacteria. 
Type II Diabetes Mellitus (non-insulin-dependent diabetes) is characterized 
either by a deficiency of insulin or more commonly, by reduced responsiveness in 
| target cells due to some change in insulin receptors. 


Type II diabetes usually occurs after about age 40, becoming more likely 


with increasing age. More than 90% of diabetics are type Il, and many can manage 


their blood glucose solely by exercise and dietary control. Heredity is a major factor 
| in type II diabetes. 


Genes are the basic units of inheritance, consisting of a sequence of DNA 
that occupies a specific position ona chromosome. IRES 
The total aggregate of genes in a population at any one time is calle 
population's gene pool. pin 2 
_ The cross between two parents differing in one trait is caleg ene 
cross and the ratio obtained in F2 generation is called monohybr i 


Aii oiii 
a pheno lly dominant indivi 
ive individual is called a Test-Cross. 
ity of the dominant parent 


‘a trait having thre 
e traits that are controlled by two or more : 
i es which manifest themselves in an additive fashion result in yield; 
D fi continuously varying traits. This is known as polygenic inheritance) S ‘ding 
+ ‘The multiple effects ofa single gene oF allele are termed pleiotropy~ 
+ g The tendency of genes in a chromosome to remain together iSealled link 
+  Anygenetic trait which is transmitted through sex chromosomes is called ay 
sex linked inheritance. f 


O a 


x) 


1.  Encircle the most correct choice: 
i) Mendel perform his famous experiments of heredity on 
a) Maize b)Mirabilis plant 
c) Garden pea d) Bean plants. 
ii) Mendel in his experiments considered how many characters: 
a)Fine .~\ b)Three c) Six d) Seven 
iii) In across, appearance ofintermediate character is known as 


a) Codominance b) Incomplete dominance 
d) non of them 


pistasis 
iv) Ifin across both contrasting characters equally appear then itis called 
a) Codominance b) Incomplete dominance 
} c) Interaction of genes d) Multiple alleles. 
RAG v) Blood group which is also known as universal donor 
a) Blood group A positive b) Blood group O negative 


c) Blood group AB positive d) Non of them. 
Each human being possesses pairs of chromosomes 
: a) pairs 4 b)22pairs c) 23pairs d) 24pairs _ 


Which chacteristicis nota 
a) Endocrine disorder 

c) Low blood gulcuse 
Point out the mis-match 
a) T.H. Morgan Paa 
b) G. Mendel > 
c) Epistasis ba Bat 

d) Dominant epistasis > 3:4 


sociated with diabetes mellitus 
b) Insulin defficiency 
d) Persistent thirst 


Drosophila 
Garden pea 


The total i } 

wend aggregated of genes in a population at any one time is called 
) setae) b) Linkage s 

c) Crossing-over d) Genome 

The muttiple effects ofa single gene or allele aretermed as 

a) Polygenic inheritance b) Pleiotropy 

c) Continuously varying trait d) Multiplé inheritance 


Write detailed answers of the following questions: 


i) Define and explain the law of.ségregation taking an example from 
plant or animal. 

ii) Explain the phenomenon “of incomplete dominance and Co- 
dominance with the help‘of examples. 

iii) Explain multiple-allélé by taking the example of human's blood 


group. Also write about rhesus-factor and erythroblastosis. 
Explain the phenomenon of continuously varying trait and 


pleiotropy with €xamples. 
What do fot mean by sex-determination and sex linkage. Discuss 


sex-linked inheritance in humans. 


Write short answers of the following questions: 


i) WHat is a gene? Define allele. 

ii) Define gene-pool. 

iii) | State Mendel's law of segregation. 

iv) What is law of independent assortment. 

v) What is a test-cross? 

vi) What is incomplete dominance? 

vii) | How would you explain the inheritance of the skin colour in human 
beings or the colour of kernel in corn? 


ance of R” factor in human 


rtance of inherit 
mpo R'+ man. 


i ite in detail the i i 
viii) Write in de fan R"- woman marries an 


beings, particularly i 


o 


ICIVIVDEATDYTUT 


f VARIATION A 
tu a the following in tabulated form: 
and double trait inheritance. 
nogenic and polygenic inheritance. 
Linkage and crossing over. 
Sex and autosomal inhritance. 
- Define the following terms: 
i) Monohybird retio 
iii) | Autosomes 


ii) Epistasis 
iv) Heamophilia 4 
ONA 


: wee ~ ` ; 
er Solve the following problems by showing genetic crosses: 
i) In garden pea, tall stem(T) is dominant over dwarf. stem(t); round 


seed(R) is dominant over wrinkled seed(r): 
Yellow cotyledons(Y) is dominant over green cotyledons(y); 
inflated pods(S) dominant over constricted‘pods(s); 


green pods(G) dominant over yellow pods(g) and axial flowers(A) is 
ominant over terminal flower(a). Find out the phenotypic ratio of 


each cross: 
e a) TtRrXTtrr b) TTÝLXTtRr c) tt RrX Ttrr 
d) TtrrXTtRr e) Yy Ss X Yy ss f) Yyss X YySs 
g) yySsXYyss h) Yyss X YySs i) GgRr X Ggrr 
HDA j) GGrrX Ggrr Ky AaTtXaatt 1) GgYy X Ggyy 
ii) Find out the possible blood groups and genotypes of the children 
bres of following parents: 
a) Mr. x=Ogroup b) Mr.y=A c) Mr.z=A 
Mrs-/x=B group Mrs. y=AB Mrs.z=A 


al, how could you 


era cx 
iii) If few born babies get mixed up in a hospit 
below. Also 


e ine their parentage from the information given 
give the possible genotypes ofthe six persons. 


Baby I Type O 
Baby II Type B 
= Mrs. Zafar Type A 
è Mr. Zafar Type AB 
Mrs. Saleem Type A 


Mr. Saleem Type 


BIOTECHNOLOGY: 


Genetic engineering is the manipu 
Purpose. This DNA recombination tec hne 
revolution in biotechnology. In broad terms, ! 
living organisms or their components to perform pre 
products. In past it was used to make wine and ch 3 , 
Selective breeding of live stock and field crops, P ction of antibiotics from 
anism and synthesis of antibodies. Recently reproductive cloning intended 


© produce genetically identical animal like revolutionary sheep, the Dolly. 


microorganisms, the 


205 


1 is controlled by a factor call 
in cell, which is made up 
ous stimulus to genetic 


the genetic code understo 
described. 


erred to as rec 
it their core the process of gene clonin 
e are still in the midst of the boom cause: 
excitement insight. mA. 
low, the recombinant DNA technology leads us into the>major i 
stry of our generation and this century - biotechnology. Biotéchnology can be 
defined as the use of living organisms for the welfare of mankidd. In broad terms, 
a, is the manipulation of living organisms af Yheir components to 
) mm practical task or provide useful products. Thé biotechnology industry 
dates back to the dawn of civilization, when fermentation process made use of 
living yeast cells for rising bread and fermenting sugar for brewing were introduced. 
The building of biotechnology is standing on the pillars of recombinant DNA 
~ Therefore, in this chapter we “will study main techniques and 
applications of genetic engineering. We will also discuss DNA technology as 
o iaat technique, which brings abouit a revolution in biological research, 
n , forensic science and agriculture: 


GENETIC ENGINEERING 
Genetic engineering iS the manipulation of genetic material of any 
ism. Genetic Enginer usually utilizes bacterial cells and their plasmids, 
which are small circular DNA molecule. They can replicate freely within bacterial 
cells. Genetic engineering tan produce cells that contain a foreign gene. These cells 
are capable of prod sing a new and different protein. As a result of growth of these 
cells so many identiĝi copies of plasmid with a foreign gene are produced. 
9.1.1 t DNA technology: 
Pane ic steps in recombinant DNA technology are: 
TALS Preparation of recombinant DNA (rDNA) molecule. 
Insertion of rDNA into host cell. 
paienn and production of numerous copies of host with rDNA 
it. 
election of bacteria with required gene. 
Wio ina 
of recombinant DNA (rDNA) molecule: 


> s a DNA pio lStula i 
nt DNA molecule, It ts: - 


which is usually 
technology are 


Plasmids are small, extra chrom 
à À Ll 1 osomal ci lecules found 
bacteria. It can replicate independent of the Hout cell ARAALI Plasmid 


carry one or more genes, whi 
3, ich are res { 
yed by host bacterium such as resista ponsible for useful characteristi 


fher bacteria (colicins) etc. nce to antibiotics, der a of 


Generally plasmids are found in b i 
me eukaryotes i.e. in some strains iye i a ago a 


Plasmids are used to prep: F 

r prepare recombinant DNA molecule: ing i 
, i Saeed - ecules b; 

om their source and inserting a foreign (required) gene into them. Hoat colin tales 
pthis rDNA as vector and there after both bacteria and plasrhid reproduce 


ction enzyme: 

} Another tool for recombinant. DNA technology is a group of 
en es, which are required to cut a source DNA molecule into small pieces and to 
c tplasmid to make a gap where foreign DNAfifsinto it. 

Shading indicates palindrome 


These enzymes are 
naturally found in bacteria to Cut pa len 
protect them against ve) at ES 
bacteriophage by cutting viral GCCGIAATTEC GATATCCGA 
DNA. These enzymes can be CGGOTTAAIGGCTATAGGCT 
‘considered as moleculas = = 
‘scissors due to their restrictuig cut 
property of viral growth« They | 


Were discovered in. 1960s. 


Diferent types of festriction =“S=TTS AT OCGA 
mes have beerisolated and i i LeetatAgact 
ified. Each ofie cuts DNA at Cc 
specific palindromic site, 

ducing sticky ends. The Sticky ends j 

ky ends of peapiction Fig: 9.1 sy a 

am i e Restriction enzy apart uble-stranded 
i ie foreign DNA DNA at specific nucleotide sequences 


lake 


- Enzyme: i ; 
DNA ligase is a key enzyme that seals the restriction fragment with sticky 


rtion of rDNA into host cell: i ERE 
ally the bacterial cells are used as host in recombi val ef 
ae to isolate and reinsert rDNA in bacterial cells. Bacterial 


JA when they are treated with calcium chloride to ) 
“Some of the host (bacteria) will take the desired plasmids Ge 


o) as bacteria. p 
_ Multiplication ofhost with rDNA: ~~ us? 
Moy 


hen the host cell divides and redivides, copies of the recombi 
are passed to the progeny and further replication of vector taka Dia 
large number of cell-divisions, a colony or clone of identical host Place, 
4 ee Each cell in the clone contains one or more copies of the rDNA ai Cells i 


È gene carried by the recombinant molecule is now said cloned. 


3 E. coli Isolated DNA from two sources Human cell 


DNA 
„LacZ S 
Restriction site 


Cùtboth DNAs with same 
el restriction enzyme 


Human DNA 


Containing gene 
of interest 


= Sticky _—— 


a ends TA 
py 


-~ 
© e 
ED Vo a 
CEJ 


Bacterial clone carrying many copies of human gene 


Identify cells containing _ 
the recombinant plasmid, x 


Add DNA ligase 
| to bond covalently 


Recombinant 
DNA 


Plasma 
DNA 
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Application of genetically engineered bacteria: 


Genetically engineered bacteria can be used in the environment, for serving 
in the field of agriculture, ete. These bacteria can also be used to promote health of 
plants to make them resistant towards insects, as bioremeédiation (pollution 
cleaner), to synthesize organic chemicals, to detect metals, to enhance genetic 
research to produce pharmaceutical products. 


4 In agriculture these bacteria can be used to promote the health of plant in 
i different ways. Some bacteria, which live on plant transform from frost plus to frost 
minus bacteria. Earlier they use to promote frost damage of plants, now they 
prevent it. Some bacteria, which normally livein the roots of corn are transformed 
| for producing insect-killing toxins. 
There are some bacteria, which havé an ability to degrade some chemical 
material e.g. oil eating bacteria, which were used to clean up the oil spils at beaches. 
| Now there are genetically engineered bacteria that can do this job much efficiently. 
Number of chemicals like insulin, which was previously extracted from 
cattle and pigs can be synthesized by genetically engineered bacteria, these 
chemical are not synthesized. naturally by bacteria. 
Production of proteins on large and commercial scale made possible due to 
| genetically engineered bacteria, which was difficult to obtain in past. For ee 
human growth hormones were previously extracted from pituitary glands o 
“cadavers (dead orgahism) and it took 50 glands to obtain one dose. Now it is 
, i ically engineered bacteria. ‘ 
meaty a S aed loned bacteria e.g. bovine growth 
Hormones’are also prepared by these clon : i 
hormone (bGH) if given to cows they produce 25% more a Some gron ta 
i i anim: 
hormones prepared by transformed pee can ea to farm 
ich is more desirable tor : s 
produce a leaner meat which is E E oro 
Some genetically engineered bagiel eps. r EER 
í cal : : 
an organic compound to make a sweetener cal pornos Dept E o ves 
Genetic engineering enhances the ability of tho ue 
“extract copper, uranium, and gold from low-grade-sources. 


71.2 Transgenic plants: 


Free living organisms ( 
are said to be transgenic organisms © 


i inserted 
i i that have a foreign gene Ins! 
ae TAEA TAN engineered organisms. 


————————— 
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particular are easy to genetic manipulation because they as 
where an entire plant can be grown from a single cell. 


techniques have been developed to produce transgenic plants, m 
in be introduced into embryo or must be in cell-wall-removed cel] » The 

. The only plasmid for transgenic plants cell is Ti-Plasmid, transferred 
grobacterium to many but not all plants. by 
The main aims of developing transgenic plants are: 

Si)’ a) To cultivate more nutritious plant, seeds of these plants contain 

a the amino acids required by human. Protein enhanced e 
soybeans, corn and wheat are now developed. 5, an . 
b) Plants require less fertilizer and are able to make use of nitrogen from ie é 
atmosphere. ZB A 
c) Plants grow under harsh and unfovourable conditions. A sté 
2 A number of transgenic plants have been developed, which resist either po 
insects, viruses, or herbicides. Crops of soybean, cotton, alfalfa and rice are i d 

genetically engineered. The first transgenic fruit approved tomatoes retarded 2 e 
spoilage. 5 godin 
A number of agriculture companies are inthe process of developing ? a 

transgenic wheat and rice to meet the global demand of food. Another area where oP 

molecular scientists are working is to increaSe to CO2 fixation property by 1.4 
enhancing the efficiency of RuBP (Ribulose biphesphate). F G 
Plants are being engineered to produce fructan instead of dextrose, human 4 mo 
hormones, clotting factors and antibodies~in their seeds. One type of antibody 5 TOV 
made by corn can deliver radio-isotopesitð tumor cells. a > 


atrictic 


, 
j 


9.1.3 Transgenic animals: 

Genetic engineering of antimals has begun. Animal cells usually do not take T 
plasmids but it is possible to’micro-inject foreign genes into eggs before they are zal pi 
fertilized like micro-injection of bovine growth hormone into the eggs of various dete 
animals. It had been done on the hope that the gene will establish itself and ech 
transmitted to all the Cells of developing organism and even be passed along to the E 
next generation ofoffspring. This procedure has been used in fishes, chicken, pol 


cows, pigs, rabbits'and sheeps to produce bigger and heavier varieties. Transgenic ky 


trout are also farmed. 
Transgenic farm animals are being developed to produce biotechnology |G 
products. A transgenic calf has been produced that carries a gene for the fin 
production of human lactoferin in cow milk (Human lactoferin is a protein that's M 
involved in iron transport and has antibacterial activity). i 


Isolation of eukaryotic gene for transgenesis: 


_it often contains long non-coding region (i.e. intron) and bacterial cells are a 
to express these genes. To avoid this problem an artificial gene can be made w psi 
lack introns. In first step transcription of an intron-containing gene 10 the ae 
ae 
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f 


a pre-RNA mol 211 
step intron RNA ac: n 


and spliced the exo rae ey or 

Re produce MRNAS oe eukaryote m n 

molecule is isolated from cell 
das template to synthesize a mm 
entary DNA (cDNA) strand removed 

s synthesis of cDNA on mRNA | ted togar n cot 

mplate is the reverse ia = ii 


ption, being catalysed by Toei 
enzyme reverse transcriptas Isolation of mRNA from 
ed from retroviruses, Now & wanscrtase ere 


ingle strand of DNA is synthesized radation $ 
g 1 : DNA en à 
[The RNA is degraded. The second teing synesid 7 Co 
DNA strand is made using DNA a 
olymerase using the first strand as 


‘Synthesis of second DNA strand 
template. The result is a double. “DMAofgene 


ti ag, A INS 
stranded molecule of DNA carrying “2 AO 
the coding sequence of the gene but i 
0 z 4 Fig: 9. 
fo intron. This is called NA (EDNA) Jor a eukaryotic gon 


DNA (cDNA, karyoti 
omplementary DNA or cDNA. oe a 


9.1.4 Gene sequencing: 


Gene sequencing is a method of determining nucleotide sequence of a gene 
(DNA molecules) developed in late 19706 by Frederick Sanger. This gene sequence 
n provide a great deal of information-it is often the fastest way to determine the 
amino acid sequences of its poly-peptide. Moreover, it provides the location of 
restriction site within a gene which ean be manipulated further later on. 


The main phases of gehe sequencing are firstly, to cut genes into specific 
mall pieces, then each fragment is individually sequenced. Most sequences that 
are determined are being Collected in computer data bank that are valuable for 
iotechnology. With thé help of computers long sequences can be scanned for 
shorter segments known to be control sequences, such as promoter or enhances. It 
also possible to-sean a DNA sample for similarities to known sequences in ana 
es or other organisms. This comparison of sequences — new tool for 
ssifying organisms and determining evolutionary relationships. 


Gel electrophoresis can separate DNA fragments differing even in as one 


Nucleotide than each other. 


highly variable and virtually unique 
the 


‘pronounced Since REE 
to the finge which are used as 
as DNA fingerprints. ; 


e (except identical twins) selected at random would 
prints is less than one in a billion. 


o produce DNA fingerprints from a sample of blood cells or any ot 
of cells, the DNA is E and cut in fragments by restriction fato p 
: | phoresis, the DNA fragments are separated on the basis of their 
‘ h (x-rays) then can make visible the DNA fragments. In the same way 
the DNA fingerprints of other individuals can be obtained andsanalyzed ri 
common features. yw 


DNA extracted Electrophoresis = N 
from blood cells through a gel 
Fragments of p 
DNA 


The short lengths of DNA travel 
further than the long lengths; the 
bands are not visible at this stage. 


Restricti 
enzymes added = 
=z 
f i 
X-ray film Heated to separate 
double-stranded DNA 
Nylon membrane 
- Copy transferred to nylon membrane, i 

radioactive probe applied a E 
BS 
isco 
DNA fingerprinting used to ror 
Only the DNA bands which P prove relationships; here both je 

hybridised with the Tadaa children (C) share bands with 

aa A a 
probe affect the X-ray fo Yy each parent (M, F) showing 
O 2 they are related 
N 
S 
P Fig: 9.4 Genetic fingerprints 


DNA fingerprinting is used to settle disputes over parentage and 0 
ips. It is also used to identify criminals from blood, semen, Sê 

at the scene of a crime. itapa also spectacular potential for 

prenatal diagnosis of inherited disorders. In figure Qidi 

rints of children (C) with their mother (M) and fath 
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Lry pré 


S of | ete x = Ss < 


Restriction enzyme makes 
cuts at specific sites in all 
the chromosomes of an 
organism's cell 


Fragments of 
chromosomal 
DNA 


2ga 2 7 MC 


DIN 


| 
$ Joi 
Same restriction © Ə Ee s Recombinant plasmids | 
O on is use Cut plasmid plasmid DNA containing Mes ONAR 
to cut plasmid DNA using DNA tigase fragments | 
d 


-o 


Plasmids inserted into 
host.cells for amplification 


Fig: 9.5 Formation of a DNA library i C? j 9 


9.1.5 Human Genome project (HGP): 


P It refers to an international 13 years effort formally began in 1990 to 
VW discover all the estimated 30,000 to 35,000 human genes located on 23 pairs of 
chromosomes and maké them accessible for further biological studies. Another 
Project goal was to détermine the complete sequence of 3 billion DNA subunits, As 
part of the HGP,;“parallel studies have been carried out on selected model 
Organisms suchas bacterium E. coli and the mouse to help develop the technology 
nd interprethuman gene function. 

; I nce of 99.99% of human genes with 99% accuracy 
of nucleotide sequence is the same in all human. 
0 base pairs) constitute mutations and other 
ut the genome. They account for all genetic 


enormous potential benefits. For instance, 
ly diagnosis, better treatment and even 
vention of genetic diseases. In the area of basic science, a genomi 
mation of human and other species will greatly help to ia Ce a 
c organization, the control of gene expressions, cellular growth an 


ion and evolutionary biology. 


lation. a 
the abnormal genetic 


sen appen. T! : : ‘ort 
Beet in their own genetic material; the second is that a ad 
rred during the formation of gametes. a> lessen aig tati en 
Genetic into three Droa 1 sa Í 
abnormalities etori defects and multifactorial detenta asoma g” 
chromosomal defect (e.g. Down's Syndrome) a child is born with structurally ® sho 
numerically abnormal chromosomes: Since a single chromosome €0ntaing ant 
es, this can lead to multiple disturbances er nga: - nator i o 

junti 's di stic fibrosis, etc.) are cause Aa single defect 
(e.g. Huntington's diseases, cy’ disorders (e.g. asthma; insulin depi ee 


gene or pairs of genes. Multifactorial de 
diabetes mellitus, etc.) are caused by the additive effects of Séveral genes, alongwith | ghi 
environmental factors. Some examples of genetic diseaseS.are discussed below: | z 
Huntington's disease: It is due to an autosomal dominant allele on chromosome | 2 
4. The affected individuals are almost certainly heterozygous for the defective gene | nc 
Appearance of symptoms is usually delayed until the age of 40-50 years. The | or 
disease is characterized by progressive mental deterioration, which js £ 
accompanied by involuntary muscle movement. There is no treatment. 3 
: - 1 
ive allele. It is characterized | w 


Cystic fibrosis: It occurs due to an autosomal recess 
by a tendency to chronic lung infection’and an inability to absorb fats and other 


s 
nutrients from food. Most patients.can be helped by daily physiotherapy for their È 
lung problems, and periodic tredtment with pancreatic extracts. Lab diagnosisis | w 
possible in this case. s 
9.1.7 Role of Biotechnològy in the diagnosis of diseases: i 

Biotechnology is now playing a very important role in the diagnosis of | i 
infections as well as genetic diseases. The use of PCR (Polymerase chain reaction) and 
DNA probes is providing an excellent tool for the diagnosis of such diseases even 
before the onset of symptoms. Medical scientists can now diagnose more than 200 
£ etic dise using such technologies. Through hybridization analysis, now it 
is possible to detect abnormal allelic forms of genes present in DNA samples. 


Gene therapy: 
One of the potential benefits of i i ing i etic 

3 adn à genetic engineering is to treat gen 
the cai lite with go rally, it could be possible to replace or Supple 
somatic cells of fie 9 ic eapetional, normal allele. This could be inserted into the 
€ e child or adult or into the germ cells or embryonic cells. i 


i Best pres. Lely to be treated by this technique is caf 
une system so per Maange (SCID), which is characterize 
infections like pneum ctim cannot resist infections and const 
“AS K onia, influenza, etc. In this condition, th 


ATDI TFU I UREDIL I 


"4 


Cloned 

(normal Shee) ito 
treating this SCID ie ail ae 
on, the researchers will into retrovirus 

» defective bone marrow 
n a patient, insert the 


gene for the ADA 


e into those cells and ae 
the cells to the patient's Nee 
e ee. Thus the biri P 
tered body cell Sus bors been NAAN meet 
duce their ADA patient and cured o n * 
ide the victim's body a =. 
immune response. (“or è: 
e this procedure would ; | wu 
tically alter bone morrow %2 i a 
but not the sex cells, so > e i 


patient could survive to Pelvis 
reproduce but would then 
pass the defective gene and 
not the normal gene into the 
progeny 

Gene therapy of germ 
line cells is another matter, 
which has raised the complex 
issues of safety and ethics. In 
this type, recombinant DNA 
would be inserted into human 
sex cells so not only thé | x 
treated individual be affected P 7 na >> 
but so would all, the Fig: 9.6 One type of gene therapy 
individual's descendants: 

The approach has been developed to treat cy stic fibrosis. In this treatment 
the cloned healthy genes wrapped in microscopic lipid envelopes (liposomes) 
solution would\be periodically sprayed on the surface of lung epithelia of the 
diseased individual where normal mucus production is failed due to a defective 
gene. Application of this solution is made by means of an aerosol spray- The 

on is that liposomes packages will be taken up into the cells of the lungs 
and the genes may enter the chromosomes and be expressed. In animal 


pate technique has shown success. 
T : Itis a diagnostic proce 


dure in which a small amount of amniotic 
withd ll from the amniotic sac, the membrane that encloses the fetus in 

1s. The amniotic fluid contains cells and chemicals from the fetus that can 
d to detect fetal abnormalities such as Down's syndrome, haemophilia, 


disease, etc. 


Amniocentesis 


‘a child but are concerne: 
cause’ there have WI an 
 imheritable blood disorder, OF eo 
B because they are at risk for some n 
other child with such a disorder- 

In most of the paes A 
genetic counseling entails ere po 
predicting the chances of aa nigue uses A 
recurrence of condition that has high-frequency. inaudible of 
already affected one or more sound warn ir 

; bdomen and sa 

members of a family. Such Mi E Waves a 
counseling depends first d a refiected back. The allows 

precise diagnosis ofthe disorder; an image of the fetus in | 

the Basco must be able to pau observed on a 9 

explain why the disorder 

occurred and how it is inherited. cí 

-oa n 

f: e 


Counseling is important 
for parents of a child with a 
genetic disorder such as cystic 


fibrosis, hemophilia, Down's pregnancy (within 8-10 A 
Syndrom etc. weeks).tiny samples of the / 
s; be chorion (fetal tissue) can be =~ \ 


TISSUE CULTURE 
Tissue culture is atest 


Chorionic villus-sampling: 


From early on during 


Withdrawn from the uterus via 
the vagina without the need of 
surgery, This sample can be 


Ultrasound scan of the womb, showing the head 


of the fetus at 25 weeks 


analysed quickly 


2 ge a 


tube method used to createyand 
clone novel plant varieties. A 
method in which whole plants 
grow by culturing smäll pieces of 
tissues cut from the parent, or 
even single parenchyma cells on 
an artificial medium containing 
ee Plant cells are 
nt (a cell with full genetic potential of organism arrot was 
produced by Frederick Steward from a single U aeaea Er E grown 
k ones in page , minerals and vitamins with coconut milk 
, ; : e cultured cell ivi form 
undifferentiated callus. When the hormonal balance is a. Avi ia the culture 


medium, the call à 
abst us can sprout shoots and roots with fully differentiated cells: Ta 
growth. 


Fig: 9.7 
Embryo development examining techniques 


plantlets can then be transferred i 

h € to soil wh ontint din 

ants gaat coped ino thousand of copies by age 
is the i use i i i 

pine trees that deposit wood at utiusuallyfasrrees E orehi ai 
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plants of certain - i 
; plants give ris, 

plantlets. Th, € to embryo like structures that are 
lerived asexually from pete ey are called somatic Suibrydeber 
ato, celery, asparagus and for ona oo Matic embryo of certain ve table 
n violets have been developed. ornamental plants like lilies, bee and 


possible to regenerate eneti fered ee ae 

a i : ue culture 
which the foreign DNA has bern meee: 

Another type of tissue c 


ee ‘ulture in which s 
edium is called a s ich anthers are cultured ifici 
mi nther culture. In this method, the haploid tabe cate within the 


len grains divi i 

i A ier reducing proembryos consisting of as many a20 to 40 cells. 
duced from it. Now th ie Pture releasing haploid embryos. Avhaploid plant is 

say that anther Caitie i Cree of chromosomes occurs. In other words we can 

Alleles: S a direct way to produce plant that'expresses recessive 


9.2.1 Cloning: 


Pies E E S T studied that the cloning isthe production of duplicate 
: C , cells or entire multi‘cellular living organisms occurs 
naturally in environment. These copies are referred to as clones. Some common 
examples are identical twins, asexual réproduction in plants and animals, 
regeneration and development of tumors,and cancers are the natural ways of 
cloning. i; 
Artificial cloning is now possible by the method of recombinant DNA 
technology. It was believed since Jong time that adult vertebrate animals could not 
be cloned. Although each cell contains a copy of all genome but few are turned on 
while others remained off duesto which differentiation occurs. Cloning of an adult 
vertebrate requires that all genes of an adult cells be turned on i.e. it should be 
totipotent. This totipotentcell can develop normally into new vertebrate individual. 
In 1997, scientist of Roslin Institute of Scotland became successful to develop a 
cloned sheep called Dolly. Since then calves, cats and goats have been cloned. Now 
the scientist can clone mammals but in most of the countries cloning of human 1s 


prohibited. 


9.2.2 Some uses and applications of biotechnology in agriculture and 
medicine: ; ; Pp 
i brings revolution in the field o agricu ture, medici 
other eg ee Oe ates, One of the most important advan Aena p 
biotechnology is that it allows mass production of proteins, whig were i n pet 
Obtain in past. Another field of biotechnology is the pepanctons seats iter iai nan 
growth hormone produced by biotechnology is used to treat dwarfs. 
) Produced by biotechnology is being used to treat diabetics. ; ial 
n The proteins which are being produced by Biotechnology give me hors, g 
troublesome and serious diseases like hemophilia can 


et 


——————— 


“ill qilable for hemophilia, huma; 
Vint wi ature infants with respiratory 
diagnosis by making DNA 
jfic sequence of single stranded DNA"? 

limentary pase pairing to a gene of interest’ 


i i because boi 
d bacteria Or viruses, bec th 
Definer can be placed in plasmid to make have 


: ÍA. 
e many copies of these surface Protej: 
Te A vaccine of hepatitis B has been made by 


‘also contributes to 


DNA p 
which binds by comp 
cines were made 


e copies can be used as a va 


Jants have been enai ee resistant 
er insect i oy ies, which are also environmentally safe. In 19 

Bee perere grown A der 70 million acres aroundthe world. 2 
gress in enhancing food quality of crops 


> f : leic acidan unsaturated fat; 

r- i ybeans developed, which mainly produces oter d; at ed fai 
i a Pe anic plants also produce vernolic-‘acid and ricinoleic acid, 
: hardner in paints-and plastics. These plants 
from vernonia and castor bean seed into + 


Cotton, corn, potato and soybean p: 


to 
‘transgenic crops were grown on mM! 
~ Biotechnology also made same pro 


derivatives of oleic acid can be used as 
were developed by transforming gene 
soybean genomes. 


9.2.3 Some worries about biotechnology: 
: As we have discussed that biotechnology brings a revolution in biology, it + 

brings so many benefits for mankind but-bn the other side DNA technology raised 
questions about possible dangers of this technology. The earliest concerns were | + 
that genetic manipulations of microorganisms could create hazardous new 
‘pathogens, which might escape from the lab. 


With new medical prodiicts the main cause of concern is the potential for + 
harmful side effects, bothshort term and long term. These products passed 
through exhaustive tests in laboratory before coming to market. ; + 


iS $a There is also, a“debate on this burning topic that genetically engineered 
agricultural produets because of the potential dangers of introducing new 
_ organisms into onment. Some scientist argue that transegenic organisms af 
: only S f traditional cross breeding or hybridization e.g. the tangelo 
 (tangerine- € fruit hybrid) and buffalo (a cow-buffalo hybrid). No hybrid crop g 
N animals umals were tested for safety before they were marketed. 

mere is epher worry that food produced by recombinant technology wi! 
* eer eins that are toxic or that cause severe allergies in some jel 
> also concern that genetical! i 
= naan ally engineered crop plants cou 
ne sistant to herbicides or microbial diseases and pest and 
er T over grow, can pass genes to neighbour wild are? 
one an will become difficult to control, i 
ethical debate with reference to human genome ha 

en advances in gene therapy. On thi 
questions. Who should have the righ 


n of the products of biotechnology. The power 


use an 
don d rapidly alter species demands that we | 


KEY POINTS 


The recombinant DNA te i 
E Bictechnolocy. chnology leads us into the major egag industry 
Genetic engineeri i ; i NY 

eeii. 81 ing is the manipulation of genetigi Material of any 


Vector is a DNA mol i i 
i ecule into which a gene is nst 
recombinant DNA molecule. ee E 


Plasmids are small circular extra chromosomdtDNA molecules. 


Gene sequencing provides the fastest way of determining the nucleotide 
sequence of genes. 


Restriction enzymes cut the DNA inte Small pieces at specific sites. 


Electrophoresis is a technique to\separate molecules on the basis of their 
size, shape and rate of movemenit. 

Some human DNA does notsede for proteins and repeated frequently, it is 
called DNA fingerprints. 

Culture of preferred génes carrying vecters of a species in a preferred 
environment is called genomic library. 

Genetic diseases fall into three broad categories. 


+e + 


Encircle the most correct choice: 
i) The enzyme used to seal the DNA is 


a) Restriction enzymes b) Ligase 
fthese. 
c) Polymerase d) Allo : i 
The enzymes that act like scissors in recombinant DNA technology are: 
a)Ligase b) Restriction enzymes 
d) None of these 


c) Polymerase 


b) Many genes 


na environmental factors 
nal abnormality. 


-following can serve as vector? 
b) Bactoriophage A 
Y 


d) None ofthese 


q 


th aand b 
x 


coding sequences of gen D 
> b) Exon c) Intron d) Nong of these 
therizing DNA strand from RNA, the enzyme involve is 


£ [RNA polymerase b) DNA polymerae 
s d) Reverse transcriptase 


eare 


The 


3 $ 
‘The approximate no of human. genes Is 
10000 to 15000 b) 20000 to 25000 


) 30000 to 35000 d),40000 to 45000 

rite led answers of thefollowing questions: 
KE i Discuss the variouggtps involved in recombinant DNA technology. 
| State and explain some applications of genetically engineered 


~) 


Kecnetic diseases and their treatment. How they occur? 


paang of the following questions: 
pPiotechnology, genetic engineering and HGP. 
restriction enzymes, DNA polymerases and ligases- 
eant by sticky end, 
m] ee of plasmids in recombinant DNA technolog ~ 
As fingerprinting; Gel electropho 


a 


ni 


a 


225 million years ago | 


years ago 


togia 


during the course of many generations, go 
through changes in characteristics Such changes must occur In the genetic 
constitution of the population and ensure the emergence of new species. The 
Phenomenal continental drift shown here has dramatically affected the process of 
evolution. 


Members of various populations, 


221 


‘plants or anim. 
ution can be said to bet 


radual sequence of changes 
“descent with modification”. 


the transformation of the form an A 
manner that the descendants differ from their ancestors, 


T THEORIES OF EVOLUTION 


1.1 Evolution Vs Special Creation: , 

7 Two schools of thought emerged in 19th century to explaim the cause of 
diversity of life and interrelationship among living organismS. One is the 
= creationists who put forward the theory of special creation while the other i 
evolutionists, who believed in the theory of Natural selection. oe 


ic 
Theory of special creation: 
The great advocate of theory of special creation was father Suare 
S v z (1548- 
1613), Spanish priest. According to this theory} “God created all seen ) 
_ plants" i.e. All living beings came into existence in their present forms and were 
aaa created by nature and no change-fas occurred since then. Because l 
t each species is fixed and immutableg¢ propagating its own kind through 
\ ae ee ner: in betweefi its own members. Thus never changed ) 
_ into ni s or other species. Carolus Linnaeus (1707-1778) al i 
T . . . > b 
s in divine creation and fixity of species: People believed in this ‘heme au me 
€ 


A 


of 19th century. 


Theory of Natural Selection: 
Ani is th 

ee ap, oe, “ha theory of natural selection, a process in which the 
largo i environment selects those traits that will be passed on 
ay ae generation to the next. According to organic 
: eos VO ec not created. It has arisen slowly from a small 
_ itself. So life i sidered to len o aa forces oot 
an to come into existence suddenly: 


10.1.2 Nature of earliest organisms: 


It is believed that lifi 
E eed Ga may T begun deep in the water es ecially in n 
s. In this respect The Holy Quran cane À 


l hath created eve 
four. 


Allah c: 
lah createth what He will. Lo! Allah is Able to 


Se (Sura Al-Nur, Ayah 45) 
er the energy and raw atonal for e 
S stoup of bacteria called archaeb 


ture, upto 120°C, 
an en 


Vi 3 à otrophic bacteria. The autotrophs obtain 
_ from chemical reactions in which simple inorganic c vo et aE 
f s om 
ulphur and Iron, but the yield ofenergy was Da meee eE 
The nutritive systems of both i i D 
s the bacteria are immensely/inferior to 
photosynthesis of green plants. The evolution of photosynthetic. ANa ma; 
be the real basis for the evoluti a re i ue 
TOT olution of all green plants. The oxygenJiberated during 
photosyn esis by the decomposition of water began to “acumulate in the 
atmosphere. It is believed that the prokaryotes may havevarisen more than 1.5 
billion years ago. The eukaryotic cell might have evolved ‘when a large anaerobic 
amoeboid prokaryote ingested small aerobic bacteria and stabilized them instead 
of digesting them. 
Another hypothesis for the evolution of eukaryotic cells propose that the 
T prokaryotic cell-membrane folded inward to enclose copies of its genetic material. 


This invagination resulted in the formationfof membrane bound organelles in a 
single cell. 


In any way, development of eukaryotic cell led to increase in the complexity 
and diversity of life-forms on the eafth. In the beginning these eukaryotes lived 
singly or only by themselves. Later some evolved into colonial form which became 
mulitcellular organisms in which~vario s especialized into tissues. These 
multicellular forms then adapted to life ir t variety of environment. 


10.1.3 Theory of organic'evolution: 

According to this‘theory, species are not immutable but once life appeared 
on earth, it slowly eyolvéd i.e. a species may slowly have changed into new species, 
whether its originalstalk (species) may persist or vanish altogether. Evolutionsts 
believe that evolution has occurred in the past and is even going on today. 

The concept that organisms living today have changed from those that lived 

_ in the past, i.e. the living things can change, is called organic evolution. Following 
are the theories, which explain the process of organic evolution. 

1. Inheritance of acquired characters: 

Q Jean Baptiste de Lamarck (1744- 1829) was a great French Zoologist and a 

Pioneer evolutionist of the pre-Darwin period. P 

In his book Philosophie Zoologique published in 1809, he elaborated a 


i i inci i f organs. 
eory of organic evolution based on the principle of use and disuse 0 
is m (Lamarckian Theory) is now considered as Inheritance of acq 


3 f new types takes place due 

that oe Pacer cl ed conditions of environm 

as such acquire new characters (new organs) to b 
ation of food habit, physiology or shelter seeking, 


g ii: 
disuse or organs: ; . 
der to satisfy these new needs, organisms use some wn) L i 
T riii So si efforts of an individual of greater use ane Pe Be ai 

nethens and develops an organ and disuse results imits deg Buse 
disappearance. ~ neration 

S Lamarck believed that the accumulation of such’ Small changes thr 

ive generations promote the development of new organs or char, ough 
which are transmitted to the offspring in the next-generation. This is c leg 


S ritance ofacquired characters. 
_ (ii) Inheritance of acquired characters: 
aid Lamarck believed that once madesthese adaptations called acquired 
icteristics are transmitted from generation to generation. So new generations 
V new characters with the development of some new organs on the basis of use 
of organs. $ 


7 Lamarck cited numerous €xamples to illustrate and support his evolution 


A 


the habit of gliding over the ground, creeping, 

1 and holes. As a result, after numi é 
er bodies elongated and their limbs disappeared due to i = A; 
k also gave other examples like: Evolution of Kiwi, Evolution of foot 
hors Evolution of webbed feet of duck, Evolution of loss of teeth in 


son Lamarckian theory: 


oe experimental evidence proved the first two points of the 
kian theory, the third point i.e. inheritance of acquired characters, 
er, did not seem to be operating in the process of evolution.. 4 
The transmission of acquired characters is crucial factor to, the theory given 
ck. Many objections were put forth against this hypothesis: 


eA < 


a Mutilations as a result of accidents or diseasés Are not inherited. 

ola Boring of holes in ears and nose in mothefs is not inherited in new 
born child. 

Be Many human families observe circtmcision ceremony in infant 


males since thousand of years, déspite that every baby boy in each 
generation is born with a fore-skin. This proves that acquired 
characters are not inherited. 


4. The greatest set back to<bamarckism was Weismann's theory of 
germinal continuity in 1892. He was a German Biologist. 
Weismann's theory (Germinal continuity theory): 


As a result of fusion of male’ and female gametes the zygote is achieved. This 
ote during its development gives rise to two types of cells. 


(a) Somatic cells; which differentiate into various tissues, and form 
Hifferent organs of the body. 


(b) Ge: éèlls, a few cells remain undifferentiated, which later on give 
to egg cells EA 


erm cells. 
As ig Ta eam arises only from the germ cells, any change that occurs 


ring its e in soma is called acquired and such changes can not be 
itted to the offspring, as the soma is not concerned with reproduction. 


Weismann strongly opposed and rejected Lamarckian theory on the 
of his experiments during which he removed the tails of mice for 
ted generations. The tails always appeared in every new generation In 


Theory of Natural selection: 
_ Darwin sailed around the world investigating nature's diversity i.e. plants, 
im geological formations. He wrote a book the origin of species F 

1859, in it he gave the theory of organic evolution based on né 


2 S r x ‘ “ ts % 
of common observation that all organisms usually 7 Ne 
e rate or we can say they are very fertile, giving rise to mı have y : 
ng that can possibly survive in their habitat. For example a 
s 5 to 7 millions eggs in a single season. A house-fly lays about 129 epe 
‘in every summer. Starfish produces a million eggs in a year. A 
t the age of six months, giving six youngs in a litter and four litters Fe 
est breeder like Elephant in its life time about 100 years, with an 
ding period of sixty years produces about six offsprings. ~ 


; \ 
ous that, if such rates of reproduction were to continue e for a few 


ations, soon a single species will occupy almost the whole area\o the habitat erati 
as such no space, food and other necessities of life will be-available for any ente 
species to exist. But we see that the total number of each species remains _ Pati 


almost stationary or we can say within limits, which is due to the struggle for ge A 

existence. 

(ii) Struggle for existence: 
A logical result of over production is the severe competition for food and  nvirom 

Space and other necessities of life, what Darwin called the struggle for existence, 


This struggle may be of three categories. M) : 
(a) Intra specific struggle, between the individuals of same species having ; 
similar needs. _adaptiv€ 

EA variatio 
(b) Interspecific struggle, among the members of different species. environ) 

(ce) Environmental struggle, struggle against the extreme forces of nature e.g: C 
drought, rain, cold and lightening. | gradual 

N Only those members ofSpêcies, which achieve adulthood after passing this large gr 

= ‘struggle, may be able to reproduce. “Quran a 

7 (iii) Variations and Heredity: 


m P ~ . . 
Individuals ok & population vary in their ability to exploit the available 


> 


Tesources of natur d no two off spring of the same parents are exactly alike. 
> xs ~ í 


Generations Neck longer but still variable 


= Darwin termed these 


ert phenomena as the survival of the fittest or natural 
and this is the core 


of Darwin’s theory of organic evolution. 

= Darwin believed that natural selection is the driving force behind the 
evolution. Darwin’s idea of Natural Selection was based on the practice of Artificial 
selection, which has been used for thousands of years by plant and animal 
| breeders to produce strains of crop plants and domestic animals. 


In practice, offsprings with desirable traits. are selected-from each 
generation for breeding purposes, while offsprings lacking such ‘traits are 
prevented from reproduction. Breeder continue selecting a particular direction 
H generation after generation, until the desired results are achieved: 


According to Darwin, the environment plays the role of the breeder in 
Natural selection, which generates populations whose members are better adapted 
(most fit) to the environment and the species that lack“the ability to cope with 
| environmental changes will shrink in number or even become extinct. 


(v) Formation of new species: 


Darwin's view of natural selection is that most evolution occurs in small 
adaptive steps i.e. evolution proceeds gradually. Moreover some organisms show 
variations in one direction and others‘in other direction due to different 
environmental conditions in which they-livé and try to survive. 


Continuation and accumvylation of these divergences or variations 
gradually produce new and different types and in time it leads to the creation of 
large groups/new species; whiclt Darwin called as origin of species. The Holy 
Quran also explains the doctrine of the formation of new species in a unique style. 


Buds and fruits 


Fig: 10.3 Galapagos finches 


in in his 
ry are 
S. 


famous book "The 


Ma species and inter- 
the different Species and to environmental 


specific competi € 
changes. voor euie called as struggle for existence. 
I 


In the strugg! existence athe favourable variations; will sutvive’ and the 
unfavourable willbe exterminatedsThis results in the survival of thefittest. 
The favourable rma will accumulate and this natural selection will lead to 


gradual changes ii characters of a species towards. better adaptation. Thus 
vast gradual change! ult in the origin of a new 16s. 


ctions to Darwin's Natura tion theory of organic evolution; | ~ 


z bi 

Darwin's theory of natural selection was.s@ reasonable and well supported f 
puments-and evidence sihi i Sppenacaroted by many biologists, yet E: 
of them objected as und¢ AWAIIUIN ol 
HL. Darwin did not clearly differentiate between heritable and non l ; 
heritable variations. = 


: “He emphasized the rolevof minor variations but not the mutations | bi 
= which appear Beacon and without reference to the parents, really f te 

__ play an import tole in evolution . c 

_ Hecouldnot elbthe cause of variations. A 


’ Darwin had o explanation for the presence of neutral variations z 
Which Rave neither useful nor harmful effects but exist 

ak tion after generation. ï 

r p 


Selection theory can not account for the presence of vestigial 


| Selection has key position in evolution but it operates after 


have appeared, so j 
a » SO it accounts for t ion ra 
origin of favourable variations. ne preon 


aoi oi Survival of the fittest but it does not explait 


Persons who discovered Mendel’s v 
He was the first who realized 


3 organisms in unpredictable directions. They are 

effects or cross-breeding. De Vries suggested that 
ge in the nature of germ cells while fluctuation was 
ect of environment. He thought that permanent changes take 

ly out of the internal conditions and are not necessarily adaptive 
s ty of them get destroyed. Only those mutations that are adaptive 
nature. The credit goes to De Vries for indicating that mutations are the 
fvariability on which natural selection acts. 


2 EVIDENCES IN FAVOUR OF ORGANIC EVOLUTION ~-. 


E Fora theory of evolution and its importance, tremendous evidence is needed 
fs acceptance. Following evidences are collected from wide wariety of different 


Evidence from fossil record (Paleontology): 
A fossil is any trace of life from the past. Fossikréeord consists of an entire 
tion of such remains from which paleontologist$"attempt to reconstruct the 
logy of the organisms whose remains were left behind. 
mple: Archaeopteryx (Archaco = 
pteryx = wing), fossil bird was Toothed beak Wing claw 
in 1861 in Bavaria 
any). This bird had lived 150 
ilion years ago. Unlike the modem 
irds, Archaeopteryx had teeth, along 
kail having 20 vertebrae, „Wings 
“containing movable fingers with claws 
All these characteristics show fink with 
"reptiles. The teeth of this >pigeon/crow 
‘sized animal would have been suitable 
for the capture of insects or other small 
prey. $ ~ 
m So scientists believe that 
aeopte Sa good evidence of an 
tionary path way leading from Fig: 10.4 
es to birds. Archaeopteryx, a jurassic bird-reptile 


Airfoil wing with ~ 
contour feathers 


* Long tail with 
many vertebrae 


vidence from classification (Taxonomy): 
_ Taxonomy is a branch of biology in which various organisms showing 

ances have been classified and put into groups and subgroups such as 
y resembling species are put in to genus, genera into family, families into 
orders in to class and classes into phylum. 

All the members of phylum chordata have a notochord, nerve cord and 

t at their embryonic stage. These resemblances in different groups of 
fish, amphibians, reptiles, birds and mammals can be assumed 
r common ancestors in the past. EY 


homology (Comparative anatomy): 
species show close resemblance in their anatomy ie, 
ictural plan is same, though their external appearance. 
different functions. Such remarkably similar 
ctions in different species are called hi 


omologous 
letal system in the wing of bird or bat, fore-limb of Turtle 


r of whale and arm of man is very similar internally havita Bot 


id muscles though they all are superficially different from each ove 
different > 


functions in different habitats. 


Other 
Biologists are of the opinion that homology indicates 


theireo: T 
h i#ommon origin 
‘NX 


,- Cat ` Whale Bat 
Š Fig: 10.5 Homologous Structures -anatomical signs of evolution k 
4 e d th 
_ Evidence: m vestigial organs (Vestiges): tai 
_ Vestiges fyi stigial organs are those which have ceased to be of any use to 
PosoeseoeGh they persist in reduced form generation after generation. 
_ Scientists believe that these vestiges are retrogressive organs which were 
developed and functional in their ancestors. 
_| Many vertebrates Possess structures with no function, but they resemble functional 
_ Structures of other vertebrates. It Suggests that their structures are inherited from a S 
nmon ancestor. . 
rE Pn, 
1 whales and snakes pelvic bones are present in red 


ave no hind-limbs for the attachment to these bones. 
wi and Ostrich are reduced and serve no u 


rm appendix in man is a small finger-like reduced caecum. It is a part of 
stive tract of many grazing mammals where cellulose is digested by 
croorganisms. 

titating membrane is well-developed in birds to clean their eye ball but in 
ans itis highly reduced and folded performing no function. 


tar muscles are well developed in dogs and horses helping them to move their 
a to collect sound waves from different directions. In human beings ear 

m uscles are greatly reduced and non functional for this purposes ` 

i Vestiges explain that natural selection accounts for‘the elimination of 

‘structures that are no longer needed by an organism exploiting a different way oflife. 


5. Evidence from comparative embryology: 
Detailed comparative embryological study ‘shows similarities between 
widely separated animal groups though such ahimals have markedly different 


adult forms and functions. 
Fish Salamandér~, Tortoise Bird Monkey Man 


An early stage showing the gill-silts, 
all embryos being much alike 


Later stage, in which the first two have 
developed gills and the last fourshow 
the gill-silts disappearing and'limbs and 
tails developing 


« , 
j Stil later stage in which the differences : 
= between the embryos have become more 
pronounced 


. 10.6 Vertebrate embryos at three comparable stages of development s 
S í A 


em! FAN development 
the evolutionary linkage among animals 


n Biochemistry: p- 
m contains certain specific proteins which 
reactions. 

; of blood sera have shown the protein relaten sen Man 
world monkey and the new world monkey. The blood z: 
cats, dogs and bears are closely related and those s off herbivores lik 
eep and deer resemble mutually. we i 


N A 
N 


ple: Vast diversity has been achieved in dóméstic dogs and pigeons by 
icial selective breeding procedure over a short-period of time by man. This is 
nce that evolution is possible. 


|. EMEVIMPORTANCE OF NATURAL. SELECTION AS A POSSIBLE 
_ MECHANISM FOR EVOLUTION 


T Natural selection is not so-much concerned with the survival or death of 
“individu viduals as with the perpetuation or elimination of genes carried by them. 


C 
a 
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i 10.3.1 Action of natural selection of genes: 

y Differential mortality is important from evolutionary point of view because 
‘when an individual dies*before reproducing, unfavourable genes eliminate from 
_ the population. Any ather process that encourages the transmission of favourable 
J and blocks“the transmission of unfavourable genes contributes towards , 
ionary progress e.g. an animal with unfavourable characteristics in any way 
ted Ea eeaing, either by natural infertility or become unsuccessful to get 
, then the genes of this individual will be prevented from transmitting to next 
ion. Itis sometimes called genetic death. 


Natural selection as an agent of constancy as well as change: 
: natural selection is responsible both for maintaining the com 
d changing them. Natural selection is most destructive against 
deviate most widely from the mean, and is in favour of th 
) it. This kind of selection is called stabilizing 
s the constancy of species over generations. 


m 


ng term evolutionary change te forces of natural selection 
aie ndividual’s gene, but on population, en Sida 
‘asi pee isolated unit of population is known as deme. The 
a leme i.e. the sum total of all the different genes in 


as gene pool. The evolutiona indivi 

z A 1 ry future of an individual 
depends on its genetic constitution. So the evolutionary future of an 
organism depends on its gene pool. 


ARTIFICIAL SELECTION AND ITS ROLE 


One line of evidence supporting evolution that particulafly\i 
arles Darwin was artificial selecdan. i.e breeding d preas] hee 
animals to produce specific desirable features. Man has modifed some species 
| over generations by selecting individuals with the desired traits as breeding stock. 
[h plants and animals we grow and rear for food bear little'resemblance to their 
wild ancestors. Various breeds of dogs provide a strikig example of artificial 
s election. Dogs descended from wolves, and even today.the two will readily cross- 
breed. With rare exceptions, a few modified dogs resemble wolves. Some breeds are 
so different from one another that they would be considered separate species if 
they were found in the wild. Interbreeding would hardly be possible without a lot of 
human assistance. If humans could breed such radically different dogs in a few 
hundred to at most a few thousand years; Darwin reasoned, it seemed quite 
plausible that natural selection could produce the varieties of living organisms in 
hundreds of million years. 


Recombinant technology“has opened the door of evolution by artificial 
selection. A number of varieties‘ean be developed by providing artificialy selected 
genes rather than natural selection. 
Í 


f GENE FREQUENCIES AND THEIR ROLE IN EVOLUTION 


Population geiietics is a branch of genetics that deals with the frequency, 
distribution and inheritance of alleles in population. With these, evolution is a 
change in the genotype of population over generations. It is necessary to learn 
about population genetics to understand the mechanism of evolution. 


The basic term, gene pool is defined as all the genes that occurs in a 
| population i.e all alleles of all genes found in all individuals. Each particular gene 
can also be considered as gene pool, consisting of all alleles of that specific gene 
occur in population e.g. in a population of 100 pea plants the gene pool for io 
our would consist of 200 alleles. The relative proportions of different alleles for 
urs, is called allele frequency or gene frequency e-s- the gene pool for fione 
„is 140 allele for purple flower and 60 for white flower, then allele frequency 

d be, purple 0.7 (70%) and white 0.3 (30%). 
Now the question arises what role gene frequency plays 


in evolution? 
cow eat up all purple flowers before they produce seeds. all 


The next generation will consist ent; 
quency for purple will drop to 0% wi 
a result of selective eating habits of the cow i 
in that field. It shows that evolution is a change in th, c 
ulation, owing to differential reproduction among 

alleles. In evolutionary terminology the fitness of an o N { 
-its reproductive success i.e. in the given example white oist ig 
ess than purple flower because they produce more viable offspring, haq 


| Hardy-Weinberg Law and its implication: 


1908, an English Mathematician G.H.Hardy and a German Physician 
proposed relationship between the frequencies. of alleles ang 
es in populations. This relationship is known as.the Hardy-Weinber 
uilibrium. According to them "the frequencies of dominant and recessive alleles 
in a population will remain constant (unchanged) from generation to generation 
provided certain conditions exist". In other words, “under stable conditions allelic 
_ frequencies and their genotype ratios remain~constant generation after — 
generation." 
i 3 They gave an equation which is expaħsion of the bionomial expression 
T (Pra) , where Pis the frequency of one alleleand qis the frequency of another allele, i 
MSS the formula for the Hardy Weinberg equilibrium is ; 

P +2pq+q = 1 | 
Let us examine our hypothetical population in which allele 'A' has a 
"frequency of 0.9 and allele 'a' haga frequency of 0.1. 


By substituting the allelic frequencies 0.9 and 0.1 for P and q respectively. 
We have 


P’ +2pqtqv= 1 
(0.9) (0:9) + 2 (0.9) (0.1) + (0.1)? = 1 
0.80S+ 0.18 + 0.01 = 1 
If we calculate the frequencies of all possible genotype they should be 1. 


wy = frequency of A/A = 0.81 

2pq = frequencyofA/a = 0.18 
q? = frequencyofa/a = 0.01 

Total 1.00 


This stability is referred to as genetic equilibrium. A deme par 
d in its overall characteristics and no evolution occurs. Evolution e l 
ce if and when the genetic equilibrium is upset as a result of mutati 
ntal change and natural selection. 
factors can upset the genetic equilibrium and b 
lange, firstly, a gene may be lost altogether from pop ! 


>. This is expected to produce significant change in small 
_ The second factor that may arms i i 

t genetic drift depends on the fact that the 
ghbouring populations may not necessarily be totally isolated from each other. 
s way a population may gain or lose gene, thereby altering its genetic 


ENDANGERED SPECIES 

One of the most prominent features of the history of life on earth has been 
the periodic occurrence of major extinctions. During the course of geological time 
there have been five such events, in each of which a large propòrtion of the 
organisms on earth at that time became extinct. Major extinction.clearly produces 
conditions appropriate for rapid evolution for those relatively few plants, animals 
and micro organisms that survive the extinction process. 

; Another phenomenon is the competition between individuals of two or more 
species for the same resources which limits their population size. More than 70 
years ago, the soviet ecologist G.F. Gause formulated what is called ‘the principle of 
competitive exclusion’. This principle states that ifttwo species are competing with 
one another for the same limited resource, then one of the species will be able to 
use that resource more efficiently than the other, and the former will therefore 
eventually eliminate the latter locally. The former populations which are in a threat 
of elimination are called endangered species. In recent years, however, the threat 
to the welfare of wild plants and animals has increased dramatically mostly as a 
result of modernization. Tropical rain forests, the most threatened area on the 
earth, have been reduced to 44% of their original extent. Accurate estimation of the 
number of extinction is impossible in areas like rain forests, where taxonomists 


have not even described most Species. 
Other causes of extinttion include climatic change, pollution and invasion 
of foreign species. Habitat other than rain forest, i.e grasslands, marshes, deserts 
and deep sea are alsothreatened. 
In Pakistan;.Cheetah, Tiger, 


————— 


Asian lion, Indian rhino, Cheer pheasant, 
Gazzal have been‘ declared extinct. While Indus dolphin, Blackbuck, Crocodile, 
Leopard, Great Indian bustard, Houbara bustard, White headed duck and 
Marbled teal’are among the animals near to extinction. 

Conservation of habitat as well as endangered species are re 
Conservation plan must include the following components. 

ie A global system of national parks to protect large tracts of land and 

build life that allow movement between natural areas. 


quired. 


2. Protection of landscapes that allow controlled activity. 
3. Zoo's, Safaris, and botanical gardens to save species whose 
extinction is imminent. 


ve relationship between the frequencies 

tions. — = leles 
s theory of organic evolution based on use and dis use ofo. 
believed that acquired characters are transmitted to ‘ 
ation. New 
‘main features of Darwin's theory are over production struggle f 
nce, variation and heredity and natural selection or survival of the 
st. s 
-Archaeopteryx is believed to be evolutionary path way leading-from reptiles 


and 


to birds. 2. 
‘Coccyx, vermiform appendix, nictitating membrane; ear muscles are 
vestigial organs found in Man. 

Encircle the most correct choice: 3. 
i) The struggle for existence between the individual of same species 
a, having similar needs.is i 
> ad ` (a) Inter specific struggle (b) Intra specific struggle l 
i ef (c) Environmental struggle (d) Intra specific association 
i ii) The book written by Charles Darwin is 
(a) Origin of species (b) Philosophie Zoologique 
gi» (c) Principle of competitive exclusion 


(a) Organic evolution 
iii) “Archaeopteryx is believed to be evolutionary pathway leading from 
EY) Amphibian to reptiles (b) Reptiles to birds 
(c) Reptiles to mammals 
(d) Echinodermates to chordates 
iv) Which of the organ is a not vestigial organs found in man 
(a) Coccyx (b)  Vermiform appendix 
(c) Eyelids (d) Ear muscles 


-= c) Natural Selection 


Germinal continuity theory was proposed 
a) Hutton b) Lamarck w 
c) Weismann d) Darwin o : 
1 A 
i ~~ 
Write detailed answers of the following questions: 


i) What is organic evolution, describe in detail the mechanism of 


evolution. 
ii) Describe Lamarck's theory of organic evolution, give various 
. examples and also objections to this) theory. 
iii) Describe in detail the main features of Charles Darwin's theory of 


natural selection. 


iv) Describe various evidences in support of organic evolution. 
3. Write short answers of the following questions: 


i) What is Hardy Weinberg principle? Describe it briefly. 


ii) Differentiate between theory of special creation and theory of organic 
evolution. 


iii) Write aShort note on Lamarck's theory of evolution. 
iv) Describe briefly following evidences of evolution. 
a vidence from Homology 
$ Evidence from vestigial organs 
c) Evidence from comparative embryology 


IENTAL BIOLOG) 


Environmental biology is a science which deals with problems being faced 
by environment. Explosive growth in human population, over utilization of natural 
resources, industrialization, dumping of nuclear wastes and other pollutants have 
causes severe damage to the environment. The environmental scientists derive 
basic tools from ecology, meterology, geology and other sciences to solve thes 
problems. 
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The interaction between living things and their non living environment 

Tegulates flow of energy and cycling of nutrients through biogeo-chemical cycles. 

f By Using nutrients plant prepare food with the help of sunlight, they are eaten up 
consumers of various trophic levels and ultimately communities develop by the 

i Process of succession, which are more stable units. Human activities are 
€atening this stability for their own growing needs 
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lifferent non-living and living c 

sms of a particular area not 

, but also interact between themselves and 

1 that area. ; 
study of various relationships of living things to each - 
ironment is called ecology. This term was first introd: i 
t Ernest Hackel in 1869. It has been derived from a Greek Jê 
home life or living place and logos, means the science or study. Now 


The ecological studies in contrast to others, deal with the levels 
sms. Thus, it begins with group of organisms and. ends on ecosystem. The 
_ group of similar individuals (species) that live together im the same area at the same 
| time, in ecological term form a population. A population of particular locality is 
| always well adapted to surroundings. The second level of ecological organization is 
" community. It consists of all populations living in particular area. A community 
interacts with non living environment and both function together to form an 
_ ecosystem level of organization. The environment is a collective term for al 1 
) conditions in which an organism lives. Thu$.all factors such as light, temperature, 
water, soil, air and other organisms constitlite environment. 


The type of environment in which a particular organism or population lives, 
is its habitat e.g. fresh water pond) a rocky shore or a rain forest etc, Bach 
Organism or its population plays”an important role in particular habitat, its 
activities, requirements and effects are collectively called ecological niche. 

The habitat is further divided into two main type i.e. aquatic and terrestrial 
habitat. The terrestrial or)land habitat is mainly influenced by environmental 
Condition e.g. temperattire, rain fall etc. Soil composition (edaphic factor) and 
topography (surface texture of land) also influence the development of plants and 

animals of the aréa. Therefore, the distribution of population depends upon 
climatic factor as well as some geographical barriers. On the basis of these factors 
biogeographical zion have developed which have unique flora and fauna. | 


Levels of organization 


- Individual organism —— Population ——> Community 
E | | me 

(Group of similar organisms) (Group of population) Aquatic 

_ Fig: 11.1 Ecological levels of organizaion 


as | 


phenomenon -These approaches are 
community) approach or synecology, 
volutionary and historical approach. 


2.1 Population approach (Autecology): 


This approach is based on the study ofindividual species, it accounts for the 
interrelationship between an individual-species and its environment. Thus the 
it of population approach is individúAl species. For example, if a single Mango 
tee in the garden is studied, the study would be autecology in nature or study of 
chemical pollution on the growth aid yeild of 100 mango plant is also autecology. 


2.2 Community approach (Synecology): 


Instead of studying single or individual species the whole community and 
environment is considered for ecological studies. Therefore, the study of 
erent communities, their relation between them and their environment is called 
ology. The term biocoenotics is synonymous with it. Thus biotic 
ponent of this approach includes all living things, whether they are plants or 

communities. This type of study has developed the concept of succession 
Climax iʻe. progressive replacement of one community by more stable 
munity and growth ofit in a particular area. 


11.2.3 Ecosystem approach: 


This is the most recent development in ecology. Ecosystem is the highest 
of biological organization, all ecological concept can be set within this 
work. This approach is based on two things, the flow of energy and cycling 
ter between living and non-living components. This system introduces a 
of self-regulation and self-sufficiency. Thus living organisms and their 
ing environment interact in a most coordinated form and any disturbance 
| to biological disbalance. Earth is an example of ecosystem, which has 


living things (biotic factors) and non-living environment (abiotic factors) 
ie 


T. Ecosystem is a functional unit, hence it may 


ge as whole world e.g. when we consider a 
‘soil, climate, temperature, water mineral cycle, sunlight 
ying a garden ecosystem. 


\bitat approach: 
organism is adapted to particular physical condition of the habitate, fj 
w, fast moving cold water stream may be the habitat of a species of tre? j 
approach is easy to define hence it is widely used. The study of phys 
ent like, soil, moisture, temperature and light is also convenient to study 
be further divided into micro habitats or small habitats with their own 
conditions. 
Some ecologists divide ecology on the basis of the type of habitat where 
isms live accordingly. Aquatic and terrestrial habitats are two broad sub- 
€ ons. While Aquatic habitat may be sub-divided into marine, fresh water ang c) 
_ estuarine habitat. The estuaries are places where rivers meet-sea. On the other 
hand terrestrial ecology may also be divided further into forest, grassland, desert i € 
_ habitat etc. Ti 
11.2.5 Evolutionary approach: gae 
This approach is linked with evolutionary; trend. It tells us about changes L 
since life evolved and may predict the future changes. However, this study also 
needs the use of fossil records. Darwin's theory of natural selection and origin of 
species can also discussed and studied in this part of ecology. 
porta 


11.2.6 Historical approach: 

It deals with changes associated with the development of tools in man's 
history. Thus its period starts with stone age i.e 1500 to 3000 B.C. (Neolithic gti 
period). Through this approachong term ecological planning is done and new jm | 


trends can be pointed out. “aon: 
it 

THE ECOSYSTEM Si 

Siepe 


Interaction between a community and its physical environment is termed as 
an ecological system or ecosystem. The term was first used by Tansely in 1935. Sus 
According to him’"an ecosystem is a structural and functional unit of a 
community, ae shows relationship between flow of energy and cycling of matter 
in between biotic (living) and or abiotic (non-living) components". Thus world and 
its habitat constitute an ecological system or ecosystem, it may be so small as that 
of a bottle consisting of some algae and protozoans. Therefore, an ecosystem is @ 
i¢ functional unit with no limits or boundaries and its biotic and abiotiè 
ments interact with each other to maintain life on earth. 


3.1Components of an ecosystem: ' 

The ecosystem consists of two types of components, they are non living ® 

nd living or biotic components. 4 

ic components: : 

aponents of an ecosystem include every thing except life, 4 
n + a 
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individual and is not associated directly with the presence of other 


of two types i.e. ma 
d organic substances UAA mr cats E 


Abiotic factors are further divided into three types. 
a) Climatic factors 

b) Topographic factors 

c) Edaphic factors 


Climatic factors: 


The climate of any geographic region depends-on the weather condition of 
that area like light, temperature, water, air etc. 


Light: 

Light is in the form of radiant energy-and is essential for all green plants, 
photosynthetic bacteria and for all organisms, which depend upon plants. It is an 
mportant factor in the process of photosynthesis. However, only three percent of 
otal sunlight, which falls on earth is utilized by the plants. The light affects in 
ee ways i.e. light intensity, its duration and quality. 


ht intensity: It depends 
n angle of incidence, 
sons, latitudes and time 
the day. In plants, the 
elopment of chlorophyll 
is dependent upon it, while 
tense light may.destroy it. 
milarly plants are further 
ified according to their 
elative requirement of light 
nd shade into heliophytes 
and sciophytes respectively. 
he development of 
ments in pimal, 
ning and closing oO Xerophytes ~ 
F permeability of cell ua 
rane, height and 
area of plant etc., 
id upon light. Fig: 11.2 Relation of the angle of solar rays 
and growth of plants ug 


a 


ie 
i 


"Spores and seeds, distribution of microorganisms, breaking of branches, rate i 
| 


or photoperiod also has marked 


light duration 

we in plants, growt 

al activities occur at regu. 

e rl ic activities are regulatec 
nesting behaviour in spring and migration 


ete. A 
eos hat ight is a small part of electromagnetic spe a 
ty: The visible light i sists of seven colours. The chloro 


h, leaf fall and dormancy ete, 

lar intervals and is referred as 
ated by photo period eg 

of certain groups of p 


5 
| el 400 to 780 millimicron and consi: 3 
_ ranges from olours to utilize in photosynthesis Ultraviolet ray i 


-absorbs only red and blue c: 
sun are absorbed or reflecte i 
earth, these radiations are lethal for lower organisms 
skin cancer and sunburn in human beings. >> k 


d back by ozone layer pee pi a capsule ar 
an SO Cause di . 
RS estruction, 5 


ii) Temperature: 

The range of temperature favouring biochemical processes is narrow, a i 
main source is radiant energy of the sun. In biosphere life "mainly exists in the — 
range of 0 to 50°C. The temperature below freezing point damages and kills the 
living cells and similar is the case with high temperature, where protoplasm jg 
denatured. 

iii) Water: 

Water is the most important factor, because distribution of vegetation is v) 
directly related with amount of water. It ds-abundant in aquatic, while limiting 
factor in terrestrial ecosystem. It acts aS Solvent for various nutrients, maintain °S 
turgidity of cells, act as raw material of photosynthesis and also takes part in ch 
various metabolic reactions. 

The precipitation (rain fall) is a main source of water for terrestrial : 
ecosystem. Plants absorb it fro” soil, however, its availability is related to many 
factors like rapid drainage, nature of soil and kind of vegetation. In nature ) 
continuous cycling of water also takes place, it is called hydrological cycle. 


iv) Atmosphere and wind: 

The major, part of biosphere consists of atmosphere. The gaseous 
components of atmosphere are nitrogen, oxygen, carbon dioxide and water 
vapours. Most of the components are linked with biogeochemical cycles. They are 
of Vital importance for respiration, photosynthesis and protein synthesis. Ni 
brings about atmospheric circulation of water vapours and gases, the dispersal af 


=m AW wD 


transpiration etc. all depends upon wind velocit i i 

i | y. The wind also influenct 
aon of flying animals and restricts timber line on high altitudes. It is due t0 
this fact that plants growing in exposed areas develop very strong root an 


system. Wind generally moves from poles to equator. 


isture, heñce increases rate of irati i 
ale ; transpiration. But in 
'utralized due to low temperature at high altitudes. 
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Fig: 11.3 Effect of wind velocity on plant growth 
Jv) Fire: 

The fire may be caused by lightning, Yolcanic activity, mutual friction 
between trees such as bamboos and mostly by man. The fire brings about sudden 
change in an ecosystem which has been deyeloped in centuries. It recycles various 
f nutrients and thus new growth is stimiulated. Fire also brings about changes in 

environmental factors like light, rainfall, pH and nutrients. e fire also favours 
growth of some fungi, mostly aScomycetes and thus these fungi are called 
pyrophilus fungi. 


Man made fires are deliberate and they are set mainly to clear ground for 
agriculture. It is also done to improve conditions for hunting or to promote grasses 
which are attractive for‘game animals or to make travel easier by constructing 


roads etc. but this destroys natural ecosystem. 


b) Topographic factor: 

The earth-Surface is not similar throughout but it shows difference, the 
study of surface texture is termed as topography. The topography has great 
influence on distribution of organisms. There are three main factors, which affect 
the topography of earth, altitude, slope and exposure. 

Altitude: Higher altitudes are associated with low temperature and atmospheric 
pressure, higher rain, radiations and increased wind velocity, thus vegetation at 
different altitudes differ from one another. 

Slope: The steepness of slopes affects the amount of radiation falling on them. In 
northern hemisphere south facing slopes receive more sunlight than north facing 
Slopes, thus the northern slopes are cooler than south; due to temperature 
difference vegetation of two sides differ from one another. 1 


E 


=, much water due to fas 
also unable h o Does are more steep the xerophy 
Psion js also more on steep and barr, 
un and wind develops different oes. 
‘ch are not exposed or less exposed Pe of 
gence is less and thus large amount of asm 
h areas have more animals as compared 


, because 
e to vegetation. 
areas with less exposure: 


Temperate 
deciduous forest 


Grassland 


Desert) 
Fig: 11.4 Zonation on altitude, different types of plants grow on different altitudes 


c) Edaphic factors: 


Factors pertaining to conditions and composition of soil are termed as 
edaphic factors, while the scientific study of soil is called pedology; soil is a link 
between living and non-living components of terrestrial ecosystem. It is a layer of 
material overlying thé rocks on earth crust. The formation of soil depends upon tw 
processes namely weathering or break down of bigger rocks into fine, smaller 
particles d decomposition which is the breakdown of larg biomolecules into 
simpler molecules. The soil development is called pedogenesis. 

2. Biotic components: 


basis (troph = nourishment) ar 


plants and other organi phs (auto = self, trophs = nourishing) pri 
Ossess chlorophyll and can prepare Hoi z 
nourishi tances. However, heterotrophs (netee 
_ organisms. Animals, fungi Saing) depend for their nourishment q they 
derive their food oC aaa ad of the bacteria are heterotrophs = en 
plants. On the basis of or eed from the food prepared by ihe pioti? 


on of food and its consumption, 


different, trophs = 


| 
cae g 


Secon 
or prin 
a hert 
they fi 


e producers are mainly 
atic and terrestrial ecosystems. 


= floating) and other hydrophytic plants 


carbohydrates, plants also prepare proteins and other chemical 


me for this purpose they also absorb various nutrients of abiotic 


{ The autotroph may be a unicellular bacteria or a giant, 100 metres tall red-wood tree. | 


Consumers: 


i The consumers are heterotrophic organisms, whi¢h‘are mainly animals. 
They cannot prepare their own food and hence get prépated food in the form of 
plants and animals. On the modes of their feedings consumers are further 
classified into primary, secondary and tertiary consumers. S- 

| Primary consumers: The primary consumers ate-herbivores i.e. they feed only on 
plants. The insects like grass-hopper and leaf-hopper, while animals such as goat, 
sheep, cow, rabbit, mice and deer which speCifically feed on plants; belong to this 
class of consumers in a terrestrial ecosystem. Zooplanktons (Zoo = animals, 
plankton = floating) crustaceans and herbivorous fishes of an aquatic habitat also 
belong to this class of consumers. 

Secondary consumers: They areCarnivorous animals which feed upon herbivores 
or primary consumers, such as‘ frog eat grass-hopper and a carnivorous fish eat 
a herbivore fish. However, some of the secondary consumers are omnivorous i.e. 
they feed upon mixed diet ofplants and animals. 

Tertiary consumers: In most of the ecosystems, there are some predatory animals 
which get their food by preying other animals. These animals in turn are not eaten 
or killed by other animals, however, after the death, their bodies are decomposed 
by micro organisms. The predatory animals are eagles, tigers and lions. 


(c) Decomposers: 

Theyare microscopic saprotrophs, mostly fungi and bacteria. They fulfill their 
need of energy from protoplasm of dead plants and animals. The microbes decompose 
organic media and utilize some of them, while rest is released in environment and 
made available for consumption of producers. Therefore, the decomposers play an 

important role in recycling the materials. : 


E] BIOGEOCHEMICAL CYCLES 
The protoplasm consists of various elements, hence regular supply of these 
ts is very important for an ecosystem. Therefore, these elements are 
‘recirculated in the biosphere in a characteristic path from environme 


ble in nature, itis essential for chlorophyll 
t constitutes main bulk of atmosphere and aming 
io. The atmospheric nitrogen is inert ple oek 
ver, it is cycled from enyiro 

nt by several paths. NitrogenMs faa ane 


‘atmosphere through different sources and is absorbed by the plants in the form 
i of 
nitrates. 

Nitrogen is a major part of ami 


and 30 millions tons of atmosphe 
important effect on the amount of 


no acids, DNA, RNA and ATP. Aircontain 78% of nitrogen 
ric nitrogen is fixed artificially per year and thus ithas 
nitrogen in the environment. 


The first source of soil nitrates is decornposition of organic compounds 
which take place in two steps; first the orgamic compounds are broken down into 
ammonia, this process is called ammonification. Later on the nitrifying bacteria 
like nitrosomonas convert ammonia into nitrites and then nitrobacter an other 
bacteria convert it into nitrates. This process is known as nitrification andi 
takes place in well aerated soil. The second source of soil nitrates are bacteri ike 
azotobacter, clostridium and a blue green algae (Cyanobacteria) Nosto They 
bring about symbiotic nitrogen fixation. Another bacterium Rhizobiumi “a 
in root nodules of leguminouis‘plants like pea and soyabean it also b ing m 
symbiotic nitrogen fixatiom. The third source of nitrogen i thund oe f 

i lightning during which nitrogen combines with aed df 7 widen a 
dissolve in water gama form nitrates. zygen endo i 

, The ni 

ae ee a sie oy pects and are later on converted into amine 
broken do Cond is et a RN atog on: taken Upd animal A 
en hee ABA a = animal protein. The animals 
7 a B ie acten, ng bacteria break down into @ 
hi ie absorbed by pl i.e. Nitrobacter convert it into 

$ y plants and thus recycled. Simi i 

= dead bodies are also acted upon by een cled. Similarly, the protems® 

if Pa Ses Seictant Een in similar way. S 

= ecosystem to work properly. rogen from atmosphere to orga 

c n: The denitrifyi ; 

The denitrifying bacteria are also present in soil and 

nir oe S as oxidizing a 
is due to thi 

d helps in 
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gent instead of o d 

s fact that good drai xygen an 
rai 

increased soil fertil ita and th 


EN SE OF ORGANISMS AND THEIR SIGNIFICANCE 
ystem organisms are interdependent which is generally called 
These interactions betwe i i 

Bred inte tre upce en organisms may be beneficial or harmful, 


interactions: 
this type of interaction organisms help one another to get food or other 
jus the benefit is reciprocal or it may be one way, the commensalisms and 
m belongs to this type of interaction. 


Negative interactions: 

This type of interaction causes harm to one of the species. Thus one 
lation may eat other or they compete for food and other resources. The 
sitism, predation and grazing belong to this class. PY 
E. The living organisms in an ecosystem form close association with the 
species of their own or with other species. The association between same species 
are called intraspecific associations while that in betweén different species are 
known as interspecific associations. The intraspecifié¢aSsociations commonly 
take place in social animals and lead to social organization of their communities. In 
interspecific associations, one organism actually proyides habitat to other organism. 
The interspecific associations are parasitism, symbiésis, predation and grazing etc. 


a. Parasitism: 

It is an association in which one organism, the parasite 
permanently within or on another orgariism called host. 
parasite is benefitted, whereas theShost is at loss. Thus t 
population of plants and animals. 

Parasite which lives on the surface of the host, is called ectoparasite, such 
as fleas and leeches, whereas those living within the host are called 
endoparasites, such as Plasmodium and Taenia. 


lives temporarily or 
In this association 
hey regulate the 


2. Symbiosis: 

It is an association between two different living organisms but neither is harmed. 
The symbiotic assOciations are of two typesi.e. mutualism and commensalism. 

a) Mutualism: It is a relationship between two organisms for mutual benefit. The 
organisms niay be two animals, two plants or a plant and an animal. In leguminous 
plants, root nodules are inhibited by nitrogen fixing bacteria. The bacteria fix 
atmospheric nitrogen for the plant and in turn gets shelter, so both partners are 
benefited. Similarly a lichen is the result of association between green alga and a 
fungus. The sea anemone and hermit crab provide another example of mutualism, 
the crab is protected by sea anemone and the sea anemone gets free ride and a 
iety of food. 

Commensalism: In this relationship one organism, the commensal gets benefit 
t, but host does not get benefit nor it is harmed. The epiphytic plants grow 
<s of other plants, but they get only support, however obtain their food and 
om atmosphere. They are common in tropical rain forest. The Orchids and | 
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be hes live within the clo 
ol = 
Paha for protection but do not harm s 
3. Predation: me) hich take their food by preying upon o 
AG nay winsgecondary or tertiary consumers othe 
eor relationship is an IROA nn actor which influen 
ecosystem. The prey-pre he number of individuals eaten up is so small that i 
akı diffi e. It ps he poriiaoR of predators, 2 
oopreys (hawks) Ive, ‘ ° id their supply is So enormous that į 
` f ocean an f x 
ospreys (hawks) live on pon Die preys. However, if supply of prey.is less a, 
fens ae population of predators then predators may become Sada Th 
there are numbers of prey and pre has lio 23 


4. Grazing: 
The herbivores in an ecosystem feed u 


of Sea 


dator cycles, suc 


pon green partsof plant. They include 
k E bhi eeps ttles, horses, zebras and 

both small and large animals like rabbits, sheeps, ca > > 

elephants. The ey ensive loss of leaves lead to starvation of food due to fact that 

rhizome and roots are not properly developed. The ‘aerial parts of plants also 

prevent grazing by receding themselves, however, grasses are more tolerant to this 


effect than other plants. 


ECOLOGICAL SUCCESSION 

The change in environment-is’a continuous process and it plays an 
important role in development of communities. Due to environmental changes over 
a period of time, it is difficultfor a community to maintain itself; hence new 
communities may develop and even if the climate is stable for longer period ie. a 
years after years the ecosystem has ability to change simpler forms into more 
complex forms and thus “a community may change. This process of orderly 
community change is called succession. The succession results in increase in 
ee eee ee a stable comme ae 
ee eecommntity. , ollection of plants and animals is referre 


Hult (1885) first time used the term succession for orderly changes in | 


community. The two main t : 
A es o : 
successions. ypes of succession are primary and secon 


S i 4 
_ Succession continuously changes the kinds of plants and animals. 


1. Primary succession: 
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Jack pine XSF Balsam fir, paper brich 
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aspen 5 climax forest 
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Fig: 11.5 Primary succession is shown occurring on bare rock 


2. Secondary succession: 


This type of succession occurs on places which were previously occupied by 
living things, but were destroyed by fireorany other climatic or biotic change. Due 
to such changes, area looks to be bare, but its substratum is built up though 
devoid of living matter. Due to built.ip substratum , the succession is more rapid 
and climax communities are, developed; which are different from previous 


communities. 


> Asters, ragweed, Oak-hickory 
1. goldenrod climax forestis 
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Secondary succession is shown occurring on a plowed field a 
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SCOSY Stay 
and secondary succession are 
i urs in water 
rosere which occ’ š » Mes; 
a adequate moisture is present and xero 


i s 
me salen nd. The whole sequence is referred 
tal stage is called seral stage. The stable ang 


while the individu 7, 
mature community ofa climate is called climax. 
aii S P Ess of ecological succession can be best followed by studying the 


following type of succession in aquatic habitat. 


1. Hydrosere or Hydrach: 


Primary succession in open water like ponds, poolspor lakes which are 


ultimately converted to land community constitute hydrosete. Succession actually 
occur in plants and animals both, however much visibléchanges can be seen in 
plants; hence it looks succession of plants. The seralstage of hydrosere in a pond 
areas follows. 


(i) Phytoplankton stage: 

Algal spores may be brought by winds<aiongwith soil particles and deposited 
on water. The unicellular and colonial planktonic forms are the first invaders and 
hence this stage is called phytoplankton stage. 

The phytoplanktons are the\pioneer species and so they form pioneer 
community. They include blue greeri algae ( Cyanobacteria), green algae (Spirogyra, 
Oedogonium), diatoms and bacteria, they first colonize a pond and reproduce to 
increase their number . The protozoan like Amoeba, Paramecium and Euglena are 
the pioneer species of a pond. 


(ii) Submerged stage: 

s] The death and decay of phytoplanktons and zooplanktons make the soil 
suitable and- r for the growth of rooted hydrophytes. The submerged 
Hydrilla, Vallisnaria, Potamageton, Elodea etc. first inhabitat @ 
pond. The al life is mainly represented by blue fish, sunfish Daphnia ete. The 


hydrophytes die and decompose and th i i un 
Sy OA RA ; n us release nutrients and alongwith silting 


(iii) Floating stage: 


a pap the pond from the surrounding area decrease water | of 
I : nl pond become suitable for development of aro 
Hiphe po but their leaves float on the surface of water- 

lea, Eichornia, Trapa and Nelumbium. Some 


oe Stage, they include, Azolla, Lemma, 


____ The death and decay of submerged hydrophytes with the accumulation of 4 
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Setar makes the pone, able and favourable changes 
table for pl br 
ing plants, they ha: 
ome system. The dense growth of plants increases te rate of tence eae 
e marshy soil. The nutrients present inj ve does 
= eeen gaeh ree he se to nitrates and hates. The 
r rese: : S of Stage are Juneus, C : 
animals of this stage are snails like Anodontaand Psidium. ee a 


(vi) Wood land stage: 


The soil at this stage becomes more and more<dri 

I 3 S eŚdrier. Thus the marsh 

vegetation disappears and area becomes rich by terreStrial plants like Salix (shrub) 
and Populs (tree). The animals at this stage are of\térrestrial habitat like Zebras 
Deer etc. 


(vii) Climax stage: 


The wood land community is finally invaded by trees. The development of climax 
community is dependant upon environment. If there is heavy rainfall then tropical 
rain forest is developed, but if theres moderate rainfall as in temperate regions 
then the mixed forest is developed: 


2. Xerosere: 

It occurs on a barrock or land, where there is lack of water and organic 
matter, though having Some minerals. These stages are designated on the basis of 
dominant plant types, which are as follows. 


(i) Crustoselichen stage: : 

A barerock or land do not possess moisture and organic matter, but a 
are such ts which form pioneer species in this area, they can also bese 
extreme temperature. They have ability to produce acids, helpful for wea Fs Pie 
rocks and thus produce better substratum for other species. The lichens © 
stage are Rhizo- carpon, Rinodine, Lecanora etc. 


(ii) Foliose and fructiose lichen stage: dity to absorb 


i i atures they have ab 
Lichens of this stage have large leafy struc aree substratum more 


moisture and retain it. They also hold up soil partic es of these 
rich. Ultimately a layer of soil is developed on the rock surface. Exampi are mites, 
ns are Pasmelia, Dermatocarpon etc. Animals of early lic tags: 


and spiders present in cracks. 


-DN 
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ee EE on : 
n soil layer favours the growth of mosses, which requires ļi TTN 
death and decay of lichens, soil becomes more rich in nutrie, “ter, 
ecies of this stage are Polytrichum, Grimmia, Selaginella etc, trien ts. The 
d spiders increase their number at this stage. nimals like 


Herbs stage: I 
Early stage is characterize by the development of annual herbs ang ia f 
ennial herbs. Due to enough accumulation of soil, the xeric conditions aye on 

ha and shallow rooted grasses are developed, such as Aristida, Poa ete This 
stage also favours the animals like nematodes, larval insects, mites, ants ete, 


1 (v) Shrub stage: 

x rs At this stage habitat becomes more suitable for the growth of shrubs, The 
‘soil becomes rich with moisture and minerals. The shrubs.over shadow the 

‘ grasses, favourable plants, which migrate to this area are RhuS.and Phytocarpus 
During shrub stage large number of fauna is also developed stch as slugs, snails 
millipedes centipedes. Salamanders and frogs (amphibians) reptiles, birds and 
mammals like shrew, squirrels and foxes etc. y 


(Vi) Climax stage: 

The accumulation of soil and humus favours the growth of some xerophytic 
trees, which further convert climate to mesophytic form and thus the final 
population is developed, which vary fromplace to place and is called climax 
community. 


A small community changes more quickly than a large community. A small community 
may contain one or two species and if they die than whole community is perished. 


KEY POINT 


The study of*relationships of living things to each other and with their 
environmentis called ecology. 


+ 

+ The similar individuals in ecological term form a population. 
+ All species living in a particular area constitute community. 
+ 


The interaction between a community and its physical environment * 
termed as ecosystem. 


The earth alongwith its air capsule constitute biosphere. 
Plants growing in shade are called sciophytes. 

“In biosphere life exists in range of 0°C to 50°C. 

Nitrogen in atmosphere is about 78% by volume. 


b) Ecosystem 
d) Succession 


The concentration of oxygen in atmosphere is about. 


a) 21% b) 50% ©) 

c) 30% d) 60% Na 

iii) Theidealsoil for plant growth is RA 

a) sandy soil b) clay soil cx ig 
c) loam d) silt. xa 

iv) The decomposers of an ecosystem are a 
a) Parasite bacteria b) Fungi 
c) Bacteria d) Bacteria and fungi 

v) The relationship of Hydrictinia and Hermit Crab is called 
a) Mutualism b) Commensalism 
c) Parasitism d) Predation 

vi) The term succession was first time used by Hult in year 
a) 1971 b) 1900 
c) 1885 à d) 1965 


vii) Similar p of individuals who can interbreed and produce 
organi aou their own kind form a: 
a) Population b) Community 

d) Succession 


x ecies 
viii) The living organism which can prepare their food for themselves and 
other living organism. 
a) Predators b) Parasites 
c) Producers d) Prey 


The relationship between members of two diferent species in which 4 
both prt Penetit: f 
b) Mutualism 


d) Commensalism 


answ Bar ihe following questions: 


5 detailed note on different approaches used for e 
stigations 


te a note on different abiotic components ofan ecosysteti 

) What is ecosystem, write a note on biotic oa of an 
ecosystem. = 

What are biogeo-chemical cycles? Describe in ea the nitrogen 

cycle. ~ va 

What is ecological succession? Also agaci ig Hydrosere. 

Describe in detail the xerosere. K vi 


e short answers of the following questions : 
Describe briefly various ecological levels of organisation. 

Write a short note on Habitatapproach. 

Write a short note on lightas‘a climatic factor. 

How edaphic factors effeet an ecosystem? 

Explain briefly the positive and negative interactions. 

Describe briefly two main types of succession. 

) Write a short note on symbiosis. 

What is denitrification? 

Whey distribution of population depends upon climantic factors? 

Wh ater is most important factor of eco system? 


s O 

T Define the following terms : 

l Population ii) Community s 
Environment iv) Habitat ; M 
Eeslogical niche vi) Parasitism 


viii) Xerosere 
x) Synecology 
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ie oon A : i 


_ Ecosystem is a distinct functional unit in which regulated flow of energy and 
Cycling of nutrients take place. The ecosystem are of two major types aquatic and 
terrestrial. The aquatic habitat is again of three types, the fresh water habitat 

ne habitat and estuarine habitat. However terrestrial ecosystems are 

‘Tecognized as biomes, which are tundra, coniferous forest, temperate deciduous 
St, desert, grass land, savannah and tropical rain forest. 
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rang of size. Thus an ecosystem may be as 
pond, or as large as an ocean, desert or forest, 


tems whether a pond, sea, forest, grassland, desert o; l l 
similar fundamental plan of their gross structure k 

ffer in their communities and rate of production etc. Foj 

tofsome important types of ecosystems. lowing’ 


E] LIFE IN FRESH WATER 


The fresh water habitat occupies small area of earth but its flora and fg, 
very large. It can be further divided into two types, i.e. standing water or a 
such as ponds, lakes and swamps while examples of running water or lotic a 
Tiver, springs and streams.The lentic water further be divided in the,profundal zone oes ep ty 
submerged plants), limnetic (partly submerged) and litoral zone (emergent plants). iy 


Pond ecosystem: 


~ A pond exhibits an example of fresh water ecosystem. The pond water jg 
Stationary (lentic), but it enters from surrounding ground and streams. The pong 
may be very small or large. It may develop behind.a dam or near a river and its life 
Span ranges from few weeks to several hundred years. The two basic components 
of pond ecosystem are; Abiotic components and Biotic components. 


Primary consumers 


Rooted pants 


ia, (Producers) 


Rooted plants 
(Producers) 


Fish (Tertiary consumers) 


Bacteria and fungi Bottom forms 
(Decomposers) Primary consumers 
Fig: 12.1 Pond ecosystem feed on plants parts 


1. Abiotic components: A 

The primary productivity of pond ecosystem depends upon k 
trients. The nutrients play a major role in building up protoplasm. pee and 
o nutrients like carbon, hydrogen, oxygen, potassium, ma eo utrient® 
ur. They are necessary for the operation of ecosystem, while nice rhe 
ron, manganese, copper, zinc etc. are required to build proto aa 


Biotic components: 


soducers: The standing water of 
; pond fav 
lants (m: i 

on. Fhe civics. eine higher plants (macrophytes) both are 
like Chlamydomonas. Sp Phytoplankton generally consists of free oati 
a aghout E odas as pirogyra, Nostoc and Diatoms. They are diated 
aAa Pog aon light penetrates. Macrophytes are rooted or large 

3 ow water. They incl 

E e ie, renna aaa 
r ap ei : Y ied 7 

pyacinth) etc. ged like Water lily, Nelumbium (lotus) Eichornia (water 


ours particular type of plant growth. 


Flower 


Flower 


Leaf 


— Leaf 
a (under water) 


Rannanculus 
Fig: 12.2 Hydrophytic plants of a pond ecosystem 


| Consumers: The primary consumers are herbivores, which include 
ceans, molluscs and other zooplanktons. The herbivore fishes and some 
nsects also belong to this class. The secondary consumers feed on primary 
mers. The diving beetle and carnivore fishes etc. belong to this class. The 


DB 


rs of pond ecosystem are sapro 
own as micro consumers, because they 
decomposed organic matter, They | 
| organic matter of plants and animals origin. F 
um, Rhizopus etc. 


is the greatest reservoir of living organisms alongwith nutrients, 
t 70 percent of earth surface. The seas are continuous, hi 


, Salinity, temperature and also depth restrict animale gud Plants in 
areas. Y~ 


_ Generally sea contains 3.5 % salt, while average temperature is about 32°¢ 

‘salt concentration of Red sea is 4.6 % and that of Baltiesea is 1.2%. Similarly 
temperature also varies such as polar region has -2°C. The concentration of 
sphate, nitrates and other nutrients also vary in seas./The deep sea is cool and 
h in nutrients. The water of deep sea is brought toceoastal surface by the action 
of wind, which moves surface water away, while deepér water come to the surface. 
This phenomenon is called up welling. 


| Ocean contains 3.5% salt and thuşif Constitute salt water biome. | 


Horizontally sea can be divided“into two parts i.e. neritic and oceanic, 
while vertically it is further divided into’three zones, i.e. (i) Euphotic zone, where 
light reaches and producers, can prepare food for the consumers (ii) Bathyal zone, 
which ranges from surface to the’depth of about 2000 meters and consists of 
pelagic and benthic zones (iii) Abyssal zone, the sea below 2000 meters is called 
abyssal zone, both bathyal and abyssal zones are aphotic. 


Oceanic Neritic 


Sea level Low tide 


Supratidal 


A Photosynthesis limit 


500 P 


Lower neritic Subtidal 


Intertidal 


Littoral 
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The neritic zone is most productive zone of the sea, it ge i 
3 pro i ts enough sunl; 
tains Be ondioxide and other nutrients, Tick peers 
nt plant growth. The producers are mainly phytoplanktons, diatoms and 


algae like, Caulerpa, Ectocarpus, Cladophora, Dictyota and Laminaria. The 


Phytoplankton 


y> 


a 


y= = 
Epipelagic Zone 
(0-120 m) 


<9 a 
<= Jellyfish 
Ca 
EEO e “Baleen whale 


ar 
d Ocean bonito 


Mackerel 


Giant squid 


Bathypelagic zone 
1200-3000 m 


a 


Fig: 12.3 (b) Zones in ocean 


fai tations against desicca y ‘Such as ; 
sites oro of burrowing type such as shrimps, clams, bristle wor 
ms etc. The plants of sub tidal zone are mainly phy ie mice diat 
ile animals are molluscs,.star fish ucumbers, zooplanktons, väri 
a of fishes, crustacea asst Me URS hales. Actually all animal phe 
pt amphibian, centigag ; 6 md Onychophora are found in 


FIN, 
je ocearii fegion mainly consisťs%of two major zones i.e, 
zone and aphotic or dark zone. THe euphotic.zone is 


h coastal area, but they are different. They may be-transparent or bluish in 
. Their bodies are smooth and shiny, such as baleen and toothed whales, 
The baleen whales live on phytoplanktons, whereas thetoothed whale feed upon 
fishes and giant squids.— KI) 


7 eo 


|| Physical factors dominate—(ife) in, the—ocean, waves, tides, current, salinities, 


E- temperature, pressure and lightdetermines the biolagical communities 


5, The aphotie zone comiprises.ofuppefbathyāland lower abyssal zones. The 
bathyal zone is the continental slope, reaching upto 2000 meters. The animals in 
this Zone are filter feeders.\They sieve Gut food particles before reaching to bottom. 
The abyssal zone is rich in organic remains and shells. Plant life is totally absentin 
this area, However, decomposers and scavengers i.e. the animals which feed upon 
dead bodies are present. The fishés are small in size. They possess enlarged mouth 

for swallowing large animals. They also possess luminescent organs and use them 

for preying. Their eyes maybe enlarged or absent. 


+ 


TERRESTRIAL ECOSYSTEM (Biomes) 


The life originated in sea and then during late Devonian and lower 
Carboniferous ods due to lowering of sea level land emerged. The life forms 
new habitats. This process lead to evolution of terrestrial plants 
e life forms on land had to face various problems such as gaseous 
cation, increased effect of gravity and mode of reproduction etc. 
ore, they developed supporting tissues, skeletons, stomata, lungs, mo 
notary and reproductive organs. 


_ The biogeographical regions are differentiated on the basis of con 
of climate and biotic factors into large easily recognizable unit © 
12.5), which are: forest, grassland, desertland and tundra. 


ess of earth is 12756 Km and only a thin layer on the surface SUP 
can live in biosphere only or particularly those part of the earth 
oxygen and nutrients. 


E FARN 


Latitude 


Equatorial regions > Polar region 


Fig: 12.4 Correspondence of vertical and horizontal biomes from 
mountain top to sea level and from the pole towards the equator 


2.3.1 Forest ecosystem: 
l Forest occupies roughly 35-40% of the land surface of the earth. In Pakistan 
forest occupy about 6% ofthe total land area. The forest of the world have been 
ified into three kinds as coniferous, temperate and tropical forest. Coniferous 
s are confined to Northern Hemisphere where summer is short and winter is 
_Thé temperate forest found in USA, Western Europe and East 
emperature and moderate rain fall. The tropical rain forest grows 
im where humidity is high, rainfall is heavy and annual average 
ut 28°C. The fauna and flora of different kinds of forest varies 


ture i 
Among all, the tropical rain forests are most rich in species 


h ; 
on. 
_ Tropical rain forest: 

substances: High quantity of inorganic and organic substances are 
soil and atmosphere. Dead organic debri of leaves and twigs of the flora 
arapid decompostion. 

Flora is highly diversified. The forest is three storeyed. The upper 
sts of very a of about 40 meters in height, this canopy is dense 
amount of light to pass through it. The intermediate storey consist 
30 meters height. While lower storey consists of small trees do 


s feeding on plarits include 
ceys, shrews, bats, mongoose, etc. About 85 
und in these forest. Majority of them f 


ey are found at various level. Snakes, predatory birds, fr 
ers. 


ers: Top carnivores like tigers etc are not commo Snacks ang 
ds are the tertiary consumers. y ep 


s: The microorganism fauna of a forest soil is ve xh. This includ 
y of bacteria and fungi. Rate of decompositightm tropical forest ig 
rapid than in any other type of soil. 


A 
/\ 


Tundra 


4 a 
/ 


Taiga 


i / \\ Subarctic 
\ 


Be 


4A : BY 


\ 
\, Temperate 


Grassland Semi desert 


Desert 


DUNES ap —o___ 


Tropical 


Savannah Semi desert 


Desert 


Increasing dryness —————___> 


Fig: 12.5 Temperature and rainfall determine biome 


iferous forests: 


‘conifers are evergreen plants, which belong to gymnospe 

rkedly cold resistant. They are found at high altitudes and 
l ous forests cover more parts in Northern 
ern Hemisphere. In Northern Hemisphere, the 8 
is heavily glaciated. The winter is 1 

e conditions become xerop 
is slow along with decom: 


nimals. The Pine, Fi d 
willow e, Fir and Spru <= 
and Populus are also foc in eg Bion dominant species. 


` 


Fig: 1x6 Coniferous forest 


Coniferous forests of Pakistan: 

In Pakistan coniferous forests are found in Kaghan, Swat, Dir, Murree hills 
and Chilas etc. The main plants of these areas are Pinus exelsa, Pinus girardiana, 
Cedrus deodara, Taxus.baccata etc. The ground flora in coniferous forest regions 
consist of mosses, lichens and members of family Ericaceae, and Rosaceae. 

The herbivorous animals of coniferous forests include sheep, deer, wild 
Goat, squirrelsand various other insects and birds, whereas carnivores are wolves, 

s and lynx etc. 


3%. Temperate deciduous forests: 
fresi The deciduous forests of temperate region are called temperate deciduous 
d ts. The term deciduous is applied to those plants, which shed off their leaves 

ig winter season. The deciduous forests may be dry, monsoonal (tropical) and 
semi deciduous. In Northern Hemisphere they are found in parts of North 
ica, South America, Eastern Asia, China, Japan and Central Europe, 

in Southern Hemisphere typical deciduous forests do not exist. i 
's, they require better soil, moderate temperature and average rainfi : 
00 cm. In these regions winters and summer seasons are also found, — 
these areas are largely used for cultivation. 


RUDE CONMVCWVMIUCATDYTUIURE 


Fig: 12,7 Fe -ciduous 


Temperate deciduous forés' kistan 
The temperate deviduoi t 1 
like Beech, Oak and Maple. In 
wallichiana and Tayùs baccata 
in these forests dye te the fact 
mosses grow in shades, wherea 
Many™kinds of insect j 
predators.of deciduous forests 
hibernate or move to other places 


12.3.2 Grassland ecosystem: 

Grassland, covers about 19% of earth's surface. Grassland occur perl 
Tainfall is too low to support the forest life form but is higher than that which raa 
in desert life form. Generally the rain fall lies between 30 cm to 75cm. pane” 
typically occur in the interior of continents. Grasslands are OP easonal 
communities with limited moisture conditions, irregular rainfall, sharp peN of 
variations and very high radiation. Soil of this region contains large an 
humus. The various components are: 


cterized by broad leaved plants 

ım valley of Azad Kashmir Pinus 

ground flora is also much richer 

penetrate. In summer thefernsand 
; colourful flowers develope. 

id mammals feed upon plants, while 

s, bears etc. In cold weather they 
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These are the inorganic and organic substances found in the 


3 consumers: In grassland the large native grazing mammals are dominant 
ch as buffalo, cow, sheep, deer, rabbit, mouse etc. Beside them there are 
_ number of herbivore insects such as grasshop 


pers, locusts, bugs, beetles etc. 
Secondary consumer: These are the carnivores, which include, frog, lizard, 


snakes, birds of prey, fox, jackals, Leopard etc. 
Tertiary consumer: Large carnivores of cat and dog families ar@e6mmon. 
Decomposers: ~These are bacteria and fungi of various kind. 

D 


Fig: 12.8 The grassland biome 
1 Savannah: 


i ical 
The term savannah is applied to the semiforest grass lands of 
Tegion. Rainfall in such areas is upto 125 cm per year but the dry 


—— a 


i 


! 


ed 


animals of these areas. 


IOMMIVDUATDYFUIURCUW 
SOME MAJOR ECggy. 


ture ally ranges more than 18°C throughout —SMs 
areas of Doa Aad south of Amazon forest East Afri the Year Ty 
, South India and Australia. high lands, 


Fig: 12.9 Savannah Biome 


No 
Producers: Due to relatively long dry season and uneven distribution of rain fall, 
forests can not develope, but varieties of plants and animals can be seen. Lani È 
mostly flat and dominated by grasses which in summer may attain a height A 
feet, like elephant grass. The trees are scattered and bare patches of land can “4 
be seen. Fire play a very important role is ecology of these areas. The vee 
ehia africana and Danellia oliveri are fire resistant but grasses usually 
re. 


The land is plane and plenty of grasses and shrubs are available AE the 
Therefore, the size, speed and long sightedness are the main defen 


vs 


VOUWDES.COM/C/IVIUUATDYTFUIURCUUUTUN 
consumers: The 
such as zebras, antelopes, 


like locusts, grasshopper, fli 
Variety of birds includes thes 


Primary consumer 


Long dry season causes change in lif 
ir leaves and use their stoned” alse. n unfavourable Seas Aue 


gi in unfavourable season, such as 
puphorbia. The rodents and other animals get shelter under the st i 
poles, snail's retreat into their shells, Bad $ pie 


z p ds burry themselves into soil and 
hibernate. The birds migrate to favourable habitats. ği : a 


12.3.3 Desert ecosystem: 


Deserts are defined as lands where evaporation exceeds:rainfall. They may 
found at any latitude wherever rain fall is below 25cm petar and not evenly 
distributed. Deserts occupy about 17% of land surface of the earth. There are two 
types of deserts, distinguished on the basis of temperature namely the hot desert 
and cold deserts. Sahara is the hot and largest desert lies across North Africa to 
Arabian penninsula. Gobi desert of Mangolia is the coldest. Besides these the 
deserts are also found in Australia, America, Central Asia, India and Pakistan.. 


Sahara desert Sonaran desert 
Fig: 12.10 Desert biomes 


i s are more famous Thar, Cholistan and Thull. Deserts 
s eee oe hills and plains. Besides rainfall, wind also playa? 
= Mportant role in these regions. Vegetation of hills and plains in between Pye Te 
differ from one another. It is due to fact that the moisture content in Leaps a 
is slightly higher. Vegetation of sandy hills consist of plants ike dea A 
““phorbia, Capparis, Calatropis and Commiphora etc. The plan l 


ee ——— 


CIVIDUAT OTe 
Lyciumetc. Due to sandy soil these deserts 
fa g. However, dry farmings of varieties like “ld ni 
or these regions. i 
i arsh environment where animals and plants ha 
dy and high temperatures. Desert animals ave iene 
scturnal in their habits, by seeking shady places; or by spending day? 
ind burrows. Plants on the other hand, evade aridity by living thro, in 
ods as seed which germinate when sufficient rainfall occur, by stone 
plant body (succulent leaf and stem) or by possessing small narro® i 
leaves that reduce transpiration. Desert has a wide Variability in s 
ature i.e. hot at day and cool by night. Taking example of Thar desert a z 
the various component of desert ecosystem are, j 
oducers: Plants are mostly xerophytic, like Accacia, Prosopis, „Salvadora. r 
Capparis etc. The ground vegetation is mostly represented by €alatropis, 
h Panimeum, Tribulus etc. Some lower plants like lichens and xerophytic mosses 
_may be present. 
Consumers: Most common animals are Tenebrionid beetles, mantis, grasshopper, 
centipedes and spider like arthropods. Frog and toad like amphibia. Reptiles like 
"lizards uromastic, calotes, snake like vipers, cobras, kraits and boas, few birds like 
1 quail, bustard, partridge, etc are also present. Marimals include, anteaters, 
hedgehogs, porcupines, bats, burrowing rodents, wildcats, wild boars and foxes, 
_ Decomposers: These are very few, as due to poor vegetation the amount of dead 
| organic matter is scanty. They are mostly thermophilic bacteria and fungi. 


12.3.4 Tundra: 
: a Tundra is a biome where the treé.growth is hindered by low temperatures 
__ and short growing seasons. 
i There are two types of tundra; 
. (I) Arctic- tundra (Tundra of high latitudes) 
(ii) Alpine tundra (Tundra of high altitudes) 
X The Arctic tundra Consists of very large area of land about 5 million acres 
‘across Northern NorthAmerica, Northern Europe and Siberia. The Arctic tundrain 
Northern Hemisphere is in the form of a wide land, which surrounds the Arctic 
Ocean. Whereas in Southern Hemisphere, there are small patches of land around l 
| the Antarctic Ocean. The alpine zone above timber line ranging upto ice caps of 
ppenntains alSo possess small patches of tundra and constitute alpine tundra. 
x n The environmental conditions of tundra are not much favourable for 
producers and consumers both. The temperature is very low all the time. Growing 
period is very short which lasts for two to three months. In Arctic tundra there }S 
tant day light in mid summer, whereas constant dark in mid winter. The 
ature of warmest months do not exceed more that 10°C while it falls very low 


r and reaches upto -57°C. Besides, such low temperatures the be A 
ty in alpine tundra reaches upto 160 kilometres per hour and they also : 


ense ultraviolet radiations. 


ah 


row. This frozen soil is termed as perma frost. During the summer 
rise somewhat and the top layer of the perma forest melts leaving the 
ery soggy: Alpine tundra, lack tree, but the lower part does not have perma 
and alpine soils are generally better drained than perma forest soils. 


The producers of tundra ecosystem consist of small perennial herbs and 

s, which reproduce in very short periods of favourable months. The 
inant plants are grasses, mosses, sedges and lichens. They grow on dense 
of peaty humus. The grasses are found in better-drained areas, while southern 
es also possess flowering herbs like Aconiteand Geranium. 


aioe Tet 
RESE ae 


Fig: 12.11 Tundra biome 


irds an 
The productivity of these areas is very low hence, fare 3 
are generally migratory. The lemmings, hares, rein En oaen 
are the primary consumers, whereas snowy owls, foxes seo 


dary consumers. 


final trophic level of the food e Fr 
can become helpful in solving the pe 
m ns lose very little amount of energy but lems e 
tem. Because, if a link such an Plicateg ; 

: 


$ s c 
ability to an ecosy: the whole chain is disrupted; etary 
for survival of a community, hence en 


food web provides alternate P 
number of cross links ensure 
Man's role in ecosystem i 

a common practice throughout wor” 
predators. Thus after use of pesticl 
but their natural enemies are not the 
re harm tot 4 

may a Be tcices like DDT (now banned), eget in a tissues. The 
hlorine 1.0 part per million reduces the fertility of eggs, while 30-49 

Fa per zailtion are lethal to birds. They enter 1n tissues through food chains ang 
ee cay accumulate to dangerous limits in cons aa the excessive 
use of pesticides is not only harmful for birds but also for plants and animals hence 
man has a very important role in ecosystem and unbalance in any component may 
harm the whole ecosystem. 

Similarly, the development of new strains is very common in pests, which 
are more harmful at one end while resistant to pesticides at other hand. The best 
solution of this problem is the use of biological control; Malaria is very commonin 
most countries. It may be controlled by. draining swamps or by spray of oil etc. but 
introduction of such predators ;, which feed on mosquito larvae is the best 
biological control.. 

Pesticides also affect-the biogeochemical cycles. The nitrogen cycle is of 
most importance, it maintains the ecosystem. The bacteria convert ammonia into 
nitrites and nitrates. But use of insecticides besides killing pests also kill bacteria 
responsible for conversion of ammonia to nitrites and nitrates. This reduces the 
fertility of the soil which ultimately reduces the productivity of the plants on one 
hand and increases concentration of ammonia in soil on other hand. The excess 
ammonia is also harmful for ecosystem, thus increase or decrease of a component 
disbalanc e ecosystem, similarly, excess amount of nitrates and phosphates 
are also toxic. Because they are drained off from fields to lakes, where they enhance 
the algal growth and thus increase death and decay of algal population and 
a, increase the consumption of large quantities of oxygen. This suffocate 
the environment and make althy for annals, so late WE M 


Phytoplanktons are res i 
a ponsible for production of large quanti 
n a e lanfa make oceans unfavourable for them, then a large poui 
o SARA be available to maintain oxygen and carbondioxide ratio; wie 

g ettect on human and other living organisms. 


Id. A pesticide not only kill pests, but also aa A 
des, pests may redeveloped in an ecosystem f 
re to control their population, and so they 


he community. 


ties of 


- 
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; FLOW OF ENERGY 


autotrophs and hetero 
The autotrophs are pelvic del de are essential biotic components of an 


Mit and wee y green plants, algae and some b = 
gun ligh convert it into chemical energy during photpepainens aad 


d energy. 
fe cay sty patie em depend on the autotrophs for their food, so 
ches the animals, fungi and other nongreen plants. 


y a pe pi by autotrophs is finaly released in space, 
‘ things. Thus in an tious trophic levels or finally by the death and decay 
ve fig see Chapter B ecosystem flow of energy remains continuous (for 

the! de apter Bioenergetics energy flow through an ecosystem). 


KEY POINTS 


Two basic components ofa pond ecosystem are abiotic and biotic components. 
The biotic components are producers, consumers and decomposers. 
Habitat may be defined as an area ocCupied by a biotic community. 


The wind velocity moves surface water away from coast, while lower water 
` takes place of the moving away water, this phenomenon is called upwelling. 


+ Horizontally sea can be divided into neritic and oceanic parts while 
vertically it is divided into-etuphotic and aphotic zones. 


[ e 


The recognisible unit of habitat is called biome. 


The frozen surfaée Soil of tundra is called perma frost. 


Deserts having moderate climatic conditions are referred as cool deserts. 


Grass land biomes are known as bread basket of the world. 


re te pice: 
d ecosystem are 
b) Zooplanklon 
d) Fungi 


b) 5.0% 


oe) 4.6" Be r d) 4.0% 2 a 
_ The maximum temperature in tundra do not exceeds, 
a) 10°C b) 20°C a se 
Hc) 30°C d) 15°C es fs 
The cool deserts is in KQ 
a) Pakistan and India b) China and America 
c) Australia d) Egypt 
In grassland biomes the rainfall is usually between 
a) 25to75cm b)bélow 24 cm 
ce) 100-125cm a) 125-150cm 
vi) In desert temperature may reach upto 
a) 70°C u 60°C 
c) 50°C À d) 55°C 
_ vii) Theestuariesare places where 
a) Lake meet pond b) Sea water reach to pond 
i c) Rive meets sea d) Two seas meet. 
viii) The en concentration on surface ofa river is 

a) 1% b) 5% 

c) 10% d) More than 10% 

Which of the biome has been increased in area by human activities: 

a) Savanah b) Grassland f 

c) Desert d) Coniferous forest eas : 


Inwhich type of eco system the smallest fraction of nutrients 
in soil: : 


b) Tundra 
d) Desert 


2S forests are so called? 
atis biome? 

How water from deep sea is brought coastal suas? 
. _ Distinguish between neritic and oceanic re 

- Distinguish between tundra and desert. LY 

e the followings terms: ; S4 

_ Tundra Se 
p Lentic water ne 
Profundal zone 

Interdial zone 


Human beings occupy highest trophic level in an ecosystem. Due to growing 
population, human requirement for food and energy is increasing day by day, 10r 
this purpose human beings are cutting forests due to which various plants a^ 
animal species are in danger and ultimately it can disturb the ecosystem 
Similarly, dumping of nuclear wastes and pollutants in atmosphere is hazardous 
not only for human beings themselves but also for a particular ecosystem. 
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inter-relationship between living organisms, including man and 
is essential to maintain life on earth. During last hundred years 
| human population and wide spread industrialization societies have 
massive impact of human activities on the environment of earth. Man has 
d large number of plant communities, natural forests are either cleared for 

e or for the use of timber. Thus this negative effect of human activities 
ted large number of deserts, soil erosion, etc. Earth is the only planet 
l living things including man live. This unbalanced use of environmental 
s has created an urgent need of increased awareness to conserve natural 
ces, which is essential for the survival of human race on this planet. 


The emergence of atomic age after world war II has made subject more 
rtant. Now a days radioactive waste materials are being produced\on a very 
scale. They are being dumped in soil or seas, their impact on énvironment is 
n to all of us. We cannot afford trial and error procedures.because many 
iterations of the environment are not reversible. 


ir 


FEF] RENEWABLE AND NON-RENEWABLE RESOURCES 


9) Environmental or natural resources are some type of materials supplied by 
the environment. These include air, water, food, metals and chemicals etc. used by 


man. Some of these resources are renewable while others are non-renewable. 
t Renewable resources are those which,can be replenished by physical or 
piological means. Renewable resources inélude air, water, soil, wildlife, forests, 
agricultural products, fish and livesto« k\vhich support millions of human's all 
"over the world. The important charactefistic of living resources are that they can be 
expected to remain available for evel if consumed in a sustained manner. More 
over, tempering with the natural énvironment and pollution also endanger their 
continued existence and availability 
Non-renewable resources are those which once used or exhausted cannot 


be reused, such as fossil fels (oil, coal and natural gas), metals and industrial 


| materials obtained fromthe earth. Son rts of the earth are rich in certain non- 
F tenewble resources and others are poor. The demand for non-renewable resources 
is constantly increasing, not only because of population growth but also because 


the rise in per capita demand. Due to world wide demand of petroleum and natural 
| gasits suppliesiare declining. 


i Some tehewable resources are as follows: 


a Air: 


The blanket of air that surrounds the earth extends outward for many 
lometers. Human beings can live in this atmosphere between sea level and about 
6000 meters. Air consist mainly of 78% nitrogen, 21% oxygen, 0.03% carbon 
: ide, small amount of inert gases (neon, helium, krypton, xenon), dust particles 
and water vapours. Except inert gases, all these components of air serve as raw 
Material for living organisms. Air contains fertilizing element, nitrogen is essential 
3 of all plants i.e. to build proteins and nucleic acid, which are ultimately 
transferred to consumer by food chain. 


is the most important fluid on earth, forming the basi 

responsible for maintaining the temperature Sf aa by types of 
as behaving as universal solvent. Total water resource on be; 
timated about 1500 millions cubic kilometers. Of the total w, the world 
» is in the ocean, 4% in the earth crust, 2% is in glaciers and pees 


and only 0.052% is in fresh water lakes, rivers and in atmosphe: ice 
ction of fresh water by evaporation and precipitation E ae ann al 
7,000 cubic kilometers. Fresh water is required not only for domestic St’ tO be 
including drinking but also for crop irrigation. With these we utilize ae Pes 
_ water, while industries utilize about 90% of fresh water. Sea water is‘also ate ee 
importance, it is used for preparation of table salt and other chemicals. Beh 
Soil acts as a reservoir for water. Rain water percolates into the ground an, d 


is called as gravitational water. It is brought to the surface through i 
seepage and under ground i: “ENPRE 


S streams. Water that accumulates 
, as a thin film around soil 
particles is called capillary 
water and the water being 


Soil particles 


© 


imbibed by dry soil particles is Hyarane es 


called hygroscopic water. Rain 

fall and melting snow replenish Capit vater 
the water supply of such J 

reservoirs. e 


Most of the atmospheric Gravitational water 
water vapours come from sea, 
but about 14% come fromthe 
surface of land, lakes, streams, 
moist soils and transpiring 
Fig: 13.1 


vegetation. In nature water is a 
renewable resource as it forms 
an important biogeochemical cycle. 


3. Land:. 

We have already discussed the significance of resources of air and water for 
man, both are in way related with land. Both the renewable and non renewable 
resources available for use of man on or in the land may be inorganic and organic: 
Inorganic resources which are used either directly or indirectly for producting 
necessary goods are water, mineral fuels, metalliferous ores, building stones an! 
the chemical raw materials. The organic resources are wood, natural grass on 
pastures, wild game animals etc. is 

One of the most striking resource of land is its plant cover which ae i 
upon soil and environment and the associated animal life. Forests produce ride 

fuel, pulp and natural pastures for animal grazing. Forests and woodlan' S Erasing 
_ arich variety of goods e.g. timber, saw wood, pulpwood for pulp, paper. Taaki nity 8 
lands or pastures occupy nearly 23% of the land in the world. Their pr 


Three type of soil water 


n 


. 
d 


us consequences. 
Life: 
3 is and plants are among our most valuable 
resources. They play 
ca 4 ean aoe Paie of nature. Unfortunately man often is not aware 
he Pres quince “ihe oat animal in the balance of nature. Wild life is an 
a subsiste: i i ioni 
Patries ef the world. nce in developing and recreation in developed 
q pepe population increases and technological development spreads, 
and animals and their habitat disappear, thus destroying the natural 
3.1.1 Energy: 
Energy forms the basis of life-support systems on the planet earth. Like 
other resource the energy resource may be non-renewable and renewable. By 
-renewable resource we mean those fuels in earth which are found, in fixed 
ee os which once consumed, are threatened to be no more available in future. 
These are coal, petroleum, natural gas, tar, oil shales and nuclear fuels 
pr cipally uranium, thorium, deuterium and lithiumòThe renewable resources of 
nergy are those which are virtually inexhaustible in their duration solar energy, 
f water, wind, wave, ocean currents, tides, temperature gradients and 
plant materials. A brief discussion of some more important energy resources are 
as follows: 


\ 


Ei. Fossil fuels: 


Coal, petroleum and gas are fossil fuels, they fulfill our 95% daily 
requirements. The fossil fuels gotsaccumulated over a period of hundreds of 
millions of years as a result of plant material being separated from the energy of the 
biosphere. Coal is derived from the oxidized carbon of plant tissues. 


Petroleum and natutal gas have been very important additions to man's 


energy resources. The petroleum and natural gas are materials of organic origin, 
derived from decomposition of plant materials, primarily marine. 


The majonoil and gas fields in Pakistan are located in Potohar (Khor), Badin 
and Sui. QO” 

2. Nuclear energy: 

Nuclear fission involves splitting of certain heavy elements into lighter ones, 
resulting into the conversion of small mass of the element into energy. It takes ina 
nearly 7 hours to fission 1 kg of nuclear fuel, releasing 79 kj as heat at a rate of 
3000,000 kilowatts. To achieve the same amount of energy we would require 
combustion of about 3 million kg of coal. 


The real difficulties with fission be not in the supply of fuel, but due to the 
mental hazards caused by it. Large quantity of radioactive waste 1S 
thus cause environmental pollution. ; ns 
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Fig: 13.2 Hazardous waste produced by nučlear power plant 
3. Geothermal energy: 


Heat produced by radioactive material deep beneath t 
is geothermal energy, which is trapped in the earthMt is non renewable type. Heat 
produced in the earth's interior may provide a source of usable energy. The interna] 
heat of our planet manifests itself on the surf. 


ace in the form of volcanic activity, 
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temperature temperature energy energy 
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Fig: 13.3 Underground super heated water is pumped upto turbine that produce €! 
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e solar energy is a renew: 
ing lifetime 


able resource and we would continue receiving it 
fi of the sun for billions of years. The amount of ener, 
in a fixed time is fixed. As the solar energy is received with breaks e.g, 
a day and not during night, technology is needed to store it for night and bad 
ather. 


Solid wastes: 


„Refuse in the lanes, litter on roadsides, discarded cartons, tins, polythene 
material, cracked bottles, agricultural and industrial wastes have attained such a 
huge magnitude that they now form an important threat to man by Pollution of air 
and water and many times by breeding bacteria and other animals that cause 
human health problems, In most areas the arrangements forwaste disposal are 
either ignored, inadequate, in-efficient or old-fashioned. 


One of the most promising concept in solid waste disposal is their use in energy 
generation. Certain kinds of solid waste material such asfarm and animal manure, 
crop residues and sewage however can be converted ifto fuel, called biogas. Biogas 


plants are being utilized on small scale in Pakistan and third world countries. 


6. Wind, wave and ocean thermal gradients: 


The wind, waves and ocean thermal gtadients are indirect sources of solar 
energy. The amount of energy in windy Waves and thermal gradient has been 
estimated between 250 to 2500 billion-kilowatts. Though the amount of energy is 
huge, yet it is not likely that even 1%) of this energy could be effectively put to 
human use. These sources need consideration due to their long duration. 


Low pressure’ 
m water outlet 
pa : 


Dera aordi amiss n n -e i ` Noes d 
Fig: 13.4 Generation of energy from wave motion 
7 Ocean thermal gradient energy conversion is elaborate solar technology 


on the difference in temperature between surface and deep waten A 
Sea water, the surface temperature is commonly 25°C, while at a ye 4 
‘meters depth, the temperature is 5°C. Heat is conducted from higher | 


d} 


MAN AND HIS El 
she thermal gradient difference is used ae 
ction of energy: used io 


y time as a source of energy fe 
sues in use for a long À gy for 
have been corn in coastal areas in some countries. The my a 


t e erang large amount of electricity from tides and Useitf 
or 
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Fig: 13.5 
Tidal power plant 


Pumping D 


8. Hydroelectric power: 

The essential conditions for generating hydroelectric power are either a 
small volume of water falling a great distance or a great volume of water falling a 
short distance. Therefore, the hydroelectric power is produced more economically 
in mountain regions of the world, where streams and rivers make natural falls. 


In Pakistan a major part of power requirements are supplied by Tarbela, 
Mangla andto some extent by Warsak and Dargai hydroelectric schemes. At 
present WAPDA is generating 4300 megawatts of power at peak periods in 
Pakistan. 


ENERGY CONSERVATION 
From the last 150 years human beings are using fossil fuel as cheapest 
source of energy for domestic and industrial uses, but now this source being ne 
renewable is exhausting at one end while on the other hand it has becom Ei 
costly. Similarly, the nuclear power also has its own demerits, the die 
uclear waste and safe use of nuclear power plants is also a great Pt° 


about 75% electricity prod 
nt modern machines and appliance: 
tioners, refrigerator etc. These appliances not 

also responsible for global warming by incr: ah 
of the earth. We use light bulbs in our homes, streets and factories, a 
scent bulb consumes 20% of light electricity and is more durable than 
al bulb, so we should choose correct appliance for daily use. It will not only 
money but also electricity. . ©» 
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$ MAN'S IMPACT ON ENVIRONMENT 


adation and depletion of resources: 


The man's activities on earth are continuously not only altering the 
environment particularly the non renewable resourćés“but also degrading and 
depletion them. These activities are making more difficult the survival of human 
~ raceon this living planet. 


Fossil fuel which has been accumulatéd over a period of millions of years is 
being consumed on a large scale and yet no other alternative has been developed. 
Thus a day may come, when there will be‘no fuel. 


i 


Forests provide us timber for making homes and furniture, fire wood and 
medicines. Wood from forests is cutevery year and if this ratio is maintained all of 
the rain forests will be gone incabout 30 years. This practice will not only lead to 
environmental disbalance butit will also make extinct various plant and animal 
Species. At present several species per day are becoming extinct and this rate may 
go higher in future. 


Nuclear plants” are also threat to our environment. Chernobyl nuclear 
t blew yp in 1986 in Russia. The radiation dose was much lower but 
as more than 5000 to 75000 cancer deaths were expected due to fact 
i. of people were exposed to radiations and its after effects were 
after several years. 


Man's activities on this planet are modifying rather deterioratit 
nment of biosphere. Due to changes in our mode of transportation, the 
n of carbon dioxide and other industrial gases is responsible for globa 
which could lead to floods. The fungicides, insecticides used on 
in soil water and hence soil environment is also changing Y 
growth. This degradation of environment is a serious pro? 
think about it and must adopt such practices that 


[eis disturbing supply ; 
op nent projects in the county, 

possible through advaj 
ncreasing burdenof population is 


ae 


shortage specialy affecting 3rdworld countries.. 


f s yed any where even to 
nalnutrition goes hardly un observe 7 V : 
Breed gymptoms of protein malnutrition like swala 


ies, reddish browsbrittle hair ate well known. xe 


-3.2 Need of population control: 
Human population is growing explosively at 
million people are added évery year so the populatio 
The world population at preséntis about © billion a 
2055 as stated earlier. es 
In view of limited resources, it is essential to control fast growth of human 
population. In some parts of the world like Thailand and Mexico, there is declinein 
birth rate. If other counttiés|/also adopt such practices slow down growth rate 
then we will be able to provideifood-to ourycoming generations. 

ik EFFECTS ON AGRICULTURE 


Increasing human population needs more food, for this reason more people 
are needed for agriculture alongwith more land. On our planet, there is about 70% 
water, thus requirement of land is fulfilled by cutting forests, shifting agriculture 
ie. clearing a patch of forest, growing crops for few years and then moving on, has 
destroyed large areas.of forests. This activity is responsible for environmental 
change. Similarly the use of fungicides and other chemical sprays on crop are 
responsible for | pollution. The continuous use of land has also declined the 
fertility of the soil; 


DEFORESTATION AND AFFORESTATION 


Cutting of forests for agriculture, fire wood etc. is called deforestation. 
); estation is responsible for degradation. Pakistan is situated in an area W! 
5 occupy very small part of our land, it is due to this reason government ) 
de large scale plantation every year. New plantation i.e. afforestation 


o increase of our forest area. 
ON 
facing one of the most horrible ecological crisis of his 
m is an undesirable change in the physical, 
of air, land, and water that may harmfully 


À 
ata rateor 1.8% per year thus 95 
will double in next 40 years, 

it will become 20 billions by 


ere are various kinds of 7 


. In addition to these, there are also oth Pa adhere 
as radiation pollution, noise pollution and pi» otis 
r pollution: 


n due to some natural processes or hu 
te or concentration of gases other than o 
has constant percentage of diffe 
ed and this phenomenon is referred 
most dangerous and common kind of environmental pollution tharis being 
ted in most industrial cities of the world. we 
Another major source of air pollution is the particulate and'gaseous matter 
sed by the burning of fossil fuels such as coal, petroleum ètc. Particulate 
rants includes large number of ‘things such as simple carbon smoke, road 
articles of metals, soot tars, mineral dust 


resins, pollens, aerosols, oxygen 
? ds, halogen compounds and radio active substance. 
pounds, 


pollution such as 


man activities, 


5 the amount of 
xygen increase 


1 in the air, which 
rent gases in it, the air is said to be 
to as air pollution. Air pollution is one 


Air pollution 


Igdùstrial 
manufacturing 
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13.6 Common sources of polluti: 
| icles bu! 
d transport ve eae 
: -rnaen Under the energy 
; Stationary -o nitrogen oxide (NO,) i‘ ee “ 
h oe ise pro xide (NO,) combine mee g “These oxidants 
inlight, the nitrogen o , eae ns These : 
of secondary pollutants waite P atona ery ate nea 
ce is ie say haze charadh 
t causes the milky- i a 
type of smu ¢ causes irritation of lungs 


atants are carbon monoxide (CO) and sulph 
e is a poisonous gas produced by the incomplete bur 
at bulk of carbon monoxide comes from the gasoline Bo 


Acid rains: 

Power stations and other industrial units run by burning of coal processes 
t carbon dioxide, sulphur dioxide and nitrogen oxides into the air. In the 
phere, these gases react with moisture to form dilute sulphuric acid, 


So, -----Matr vapours _____>H SO, (Sulphuric acid) XN 
NO, ----"Stervapeurs ___ > HNO, (Nitrous acid) 
co, -----Watetvapours____. H CO, (Carbonic acid) 


These then return to the earth with rain water ands known as acid rain. 
The acid rain causes many respiratory diseases in man. Sulphuric acid pollution is 
not only a health hazard, but also destroys many manmade structures, metals 
and statues of archaeological importance etc. Acid.rain increases the acidity (pH 
values) of streams and thus may kill many animals present there and it also 
destroys the agriculture land and causes damage.to crop and plants. 


hs Fig: 13.7 The corrosive effect of acid rain on a statue 


(ii) Green house effect or global warming: 


Carbon dioxide plays a critical role in regulating the earth's surface 
temperature. Concentration of carbon dioxide is increasing in the air at an alarming 
rate due to burning of fossil fuel. Carbon dioxide allows the sun rays to eg ‘ 

_ through the atmosphere but prevents the long wave radiations (i.e. infra red hea 
radiation) reflected by earth from escaping into outer space and redirects heat 
_ towards earth, and thus temperature of the atmosphere gradually S 
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Fig: 13.8 Greenhouse effect 


This rise in temperature, form green house effect has a disastrous impacto 
and eventually on sea levels because of melting of polar ice. k ae 


agriculture 
ns, floods, severe hurricanes and tornadoes. 


causes heavier rai 
(iii) Depletion of Ozone layer: 
adiations of the sun which could cause serious 


The harmful ultraviolet ra 
damage to human, animal and plant lives are filtered out by the layer of Ozone {03 
which acts as a protective Shield for life on earth. 

The release Ofchlorine atoms into the atmosphere breaks down the ozone 
shield. Amajor source of chlorine is an industrially produced group of gases called 
chlorofloro-earbon (CFC) which are widely used as refrigerants and industrial 
foaming agents. These inert gases (CFC) release chlorine atoms under the 
influence of intense short wave ultraviolet radiation at high altitudes. Each atom of 
chlorine reacts with more than 100,000 molecules of ozone, converting oz0n€ to 
oxygen. Due to the depletion of ozone layer, ultraviolet light penetrates and reaches 
at the earth's surface and causes skin cancer and many other lethal effects on 


y organisms inc uding m À 
ed to any ty tic contamination. 
J pe of aqua i À 


2. Water pollution: 
ed by three major sources: \& 


a The term water pollutio 
3 lution of fresh and sea water is 
(b) industrial and (c) agricultural. 


n is referr 
caus 
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Fig: 13.9 Sources of ground water contamination 


Pollutant entering water mainly come from industrial, municipal and 
agricultural wastes, erosions, oil spillg,,mine drainage and wastes from fishing 
"vessels. Many of the wastes discharged by industry are toxic, particularly those 
from paper, leather, chemicals, petroleum and steel industries. Contamination of 
_ fresh waters and shallow off shore seas by sewage is of common occurrence. 
Sewage includes mostly biodegradable pollutants such as human faecal matter, 
‘animal wastes and certain diSsolved organic compounds (e.g. carbohydrates, urea” 
7 etc.) and inorganic s such as nitrates and phosphates of detergents, and 
= sodium, potassium, ium and chloride ions. Under natural processes most of 
= the biodegradabl utants of sewage are rapidly decomposed, but, when they — 
= accumulate in | quantities, they create problems. Poultry feeding operations, 
_ animal wast d fertilizers are the source of agricultural pollution of water. 
leaking from irrigated fields, where nitrogenous fertilizers are used, are 
serious water pollution. Offshore oil leaks causing water pollution 
as world wide problem. Due to oceanic pollution, the marine biot 


are agents of water pollution, originate in 
€, surface erosio 


} is of their production of organic matter can be divided 
E apai and o Frophic lakes . The eutrophic lakes contain 
‘apply of minerals and organic matter. The oxygen requiring organisms 
the available oxygen and thus the oxygen level is very low in such 
a n depletion also converts sulphates and nitr; into toxic 
c hydrogen sulphide and ammonia. The human acti ike adding 
and organic wastes also speed up this proc However, the 
lakes have less amount of nutrients and t e deeper than 
lakes, hence rich in oxygen. Excess phosph from sources like 
, Savage or detergents lead to harmful effects-And promote the algal 
1 called algal bloom, which deplete the oxygen pra rein death of aquatic 
5. \ew 
Land pollution: S J 
Land pollution is caused by solid wastes»which include household trash, 
Sewage sludge, garbage, agricultural residres’and industrial wastes. Those solid 
Wastes containing substance that cause, ýùħman illness and sometimes even death 
are called hazardous wastes. Hazardotis wastes include mercury, cadmium and 
berylli which can accumulate #Various organs, interfering with normal 
ymatic actions and causing varius illnesses including cancer. Nuclear wastes 
include radioactive elements whith are dangerous for human health causing 
ailment including cancer. oY 
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NON -MATERIAL POLLUTION 
Radiation tion: 
A 


ollution is -a-new problem. The cosmic radiation from the 
dio active isotopes of elements in the earth and by products of 
ions are principal source of radiation. These nuclear by products 
energy, which is ionized and can disrupt biological molecules. Some 
active isotopes emit gamma rays, which can damage living tissues. 


Noise pollution: 


Another serious threat to the quality of man's environment is noise 
tion. Noise can be defined as unwanted sound. Noise levels are measured in 
g. 13.12). According to decibel scale, noise above 80 decibels is 

is loud uncomfortable and dangerous to health. Noise is primarily 
cities. High intensity sound or noise pollution is caused by ma 
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Fig: 13.10-Recibel scale and common noise sources 


Ol when conti d for long period of time not only disturbs but i 
rmanently damages hearing. Offices, industries and crowded places 
t vise: prevails can produce headaches, fatigue, nausea and mas 


4 
Constant ation @amages people physically and mentally. High i 


An unprecedented growth rate of human population in recent h is 
; sing considerable stress on the environment. The biosphere 
servation efforts at its own. The production of enorme 
ls including radioactive wastes of modern world are 
ee. 


i of principles of biology is the only 
ms so as to achieve a 
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pacteria are also introduced in o 
5 ther plant: 5 
ilizer and hence i plants, there wilKbe ? 
pon monoxide Bea dined pollution due to fertilizers. Polad g i 
M duced by industri ioxide and oxides of nitragen and sulphur, these are 
u y stries, vehicles and other engines, Due to ieee P are 
ses acid rain 


13.8.3 Recycling of Wastes: 
Waste disposal is one of the biggest iti 
e : problem of cit: 
solid waste materials are produced daily, A contaire Neer of tons of 
which can be recycled, thus hazard of pollution can be reduced. materials 


FEE) CONSERVATION OF ORGANISMS AND THEIR HABITAT 
osystems. collectively constitute biosphere and there is a delicate 
anisms and environment. Organisms survive in their 
jude aquatic and terrestrial. The destruction and 
mpanied by extinction of major proportion of all 
The complex ecosystems built up in 
ance, we are engaged in one 
tice must be stopped. The 
ductivity of any plant 
not be harvested the 


Various ec: 
balance between living org 
particular habitat, which inc 
disturbance of habitat is acco 
plants, animals and microorganisms species. 

billions of yeafsare now being destroyed. Due to ignor 

» time consumption of this natural resource. This prac 
tropical rainforest has highest rates of net primary pro 
community on earth, it is thus essential that they may 
current speed butina sustainable way. 


building of reservoir 
tion is of great import 
plants. The selection of p 


also of much importance. 
rvation of environmen 


s and dams to store 
ance, they should be 
roper site for 
These wastes 
t for our 


F The selection of proper sites for 

immense quantities of water and its filtra 

much separated from sewage treatment 

dumping of urban and industrial wastes is 

could contaminate underground water. Conse 
ture generations is the call of the day. 
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TH AND DISEASE 


Diseases can roughly i 
genetic (Congenital and non-congenital), 
t Some of above mentioned categories of disease: 


= shownin the following table. 


Category of the 
disease 


Example 


Cause of oe | 


W.H.O. as a condition of physical and mental 
bnormal condition in which an Organ or 


A A { 
be categorized as infectious, parasitic, nutriti 
aging associated (degenerative), e al, 


s with reference to man are \ 
Y 


{ 


Transmission 


INFECTIOUS DISEASES 
(Caused by a specific 
microorganism) Influenza Influenza virus 
(a) Viral Diseases A,B, or C. 


Air- borne droplets 


a 


Sexual contact; sharing hypodermi 
AIDS HIV needles; mother to Shite food 
transfusion. 


blood 


Hepatitis Hepatitis viruses 


reeled water or iod; blood 
ransfusion; sexual contact; 
A, B,C, ete. sharing used hypodermic needles. 


| 


Chicken pox Varicella-zoster virus 


Air-borne droplets; direct contact. 


a 


Rabies virus 


Rabies 


Bite from infected dog. 


Mycobacterium 
tuberculosis 


Tuberculosis 


(b) Bacterial Diseases 


Air-borne; infected cow's milk. 


Typhoid fever Salmonella typhosa 


Food or drink contaminated with infected 
feces. 


Pneumonia 


pneumoniae 


Streptococcus Air-borne droplets. 


Vibrio cholera 


Tinea corporis 
(Ring worm of 


Agroup of 
Dermatophytes 


body) 
> Another group of 
Tinea versicolor | Dermatophytes. 
Tinea pedis Dermatophyte 


(Athelete's foot) 


Food or water contaminated with 
sewage containing V. cholera. 


Contact with infected person, animal 


Air-borne, contact. 


Air-borne, contact. 


Leishmaniasis 
(Cutaneous 
leishmaniasis) 


Trypnosomiasis 
(African sleeping 
sickness) 


Trypanosoma spp. 


Entannecyat®" Contaminated by cysts o 


VY 
Bite of infected Tsetse fy, 


F S A 
Taeniasis Taenia saginata Cona on infected under cooked 
A 


Echinococcus 
granulosus 


Hydatid diseases 


Ingestion of cyst released in feces of dogs. 


Enterobiasis 
(Pin worm 
infection) 


Enterobius vermicalaris 


Ingestion of eggs released at pre-anal 
region. 


Ascariasis EA lumbricoides 


Ingestion of eggs. 


Deficiency of 
Vitamin 'A' 


Night blindness 


Deficiency of 
Vitamin ‘Bt’ 


Beri-Beri 


Deficiency of 
NG Vitamin 'C' 


Rickets 


Prolong 
Bleeding 


Deficiency of 
Vitamin 'D' 
Deficiency of 
Iron 


Deficiency of 
Vitamin 'K' 


Tooth decay _| Deficiency of florine 


Deficiency of iodine 


Complete or partial loss 
of pigmentation in the 
skin, eyes, hair. 


| 
i F4 ` $ 
Insufficient or absence Lx | 
of insulin GN 


Degeneration of the 
cartilage of joints 


Degeneration 6f neurons 
of brain 


Pathogens are responsible for various infections, but for their spread — 
nent like air, water and vectors such as insects, actual contact ete. also 

n important role. Thusfor their control, preventive measures, eradication of 

and pathogens alongwith their medical treatment are important. 

tive measu. i 

‘or the contfol of infectious diseases preventive measures are applied on 

ivi e surrounding and at community level. y 


stly vectors are insects, they may be eliminated by the use of insecticides 
biological control. Repellents may be used to avoid contact with the vectors. 


ogens: 
ly during surgical operations, an atmosphere free from pa 


purpose variuos methods are used to control pathogen 
iseptics, thermal treatments, UV radiation and treal 


+ 
+ 
Y, 
+ 
+ 
a+ 
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Coal, ae and gas are non-renewable fossil fuels 
renewable source of energy is solar ener, ir 
8y, falling water, wi 
» Winds and 


waves etc. : 
In Pakistan major part of power requiremen 
Mangla dams by hydroelectric power ts comes from Tarbela and 
Pollution is of four types i.e. Air, water, land and non-material (radj 

K9 adiation 


noise, thermal). 
Disease is a deviation from normal mode of life. 


The humidity and over crowding favours the spread 6fair borne di 
Sewage is main cause of water borne diseases. w 
Small pox, rabies, yellow fever, unfluenza are viral diseases. 

Cholera, typhoid, pneumonia, tuberculosisare bacterial diseases, 


Encircle the most correct'choice: 
i) The non-renewable’resources of the followingis 
a) Wildlife )Forests c) Water d) Coal 
The most safeand cheap source of energy is 
a) Nuclearenergy b) Hydroelectric 
c) Petroleum d) Coal 
iii) The gas responsible for global warming is 

a) Oxygen b)Nitrogen c)Carbondioxide d) Ozone 
iv) The gas responsible for depletion of ozone is 


b) Carbon dioxide c) Nitrogen d) Chlorine 


a) Oxygen 
v) Eutrophication in lakes and ponds is due to growth of i 
a) Bacteria b) Plants c) Algae d) Fungi 
The anemia is due to deficiency of a 
, itamins 
a) Calcium b) Iron c) Iodine d) Vit 


Night blindness is caused due to deficiency of d) Minerals 
a)VitaminK b)VitaminA c) VitaminC 4) ; 


b) Degenerative disease 5 
d) Protozoan disease 


Bis chiisidered as sound beyond 
decibels b) 50 decibels 


80 decibels d) 10 decibels > 
Which of the following is responsible for acid rain? we 
a) CO, b) SO, wn 
c) NO, d) All of these 
ies xiii) The major power ee of Pakistan Paro by 
a) Nuclear energy ) Solar energy> 


c) Hydro electric power Tidal power 


| 


Write detailed answers of the following questions: 


f i) What are renewable and non Tetewable resources? Describe in detail | 
the fossil fuels. | 
ii) Fossil fuels are non renewable resources of energy. Describe various | 
Pe alternatives or renewablerėsources of energy. 
iii) What is pollution? Describe non material pollution in detail. 
iv) What are infectiousdiseases and how are they transmitted? 
y v) Describe in detailptevention and control of diseases. 


vi) Suggests some-ways to control pollution so that a lay man may 
become aware and play important this part in this regard. 


grite short ans wers of the following questions: 
: eee and e renewable resources. 
ii) short note on erférgy conservation. 


a iii SS are advantages and disadvantages of nuclear energy? 


_ ozone layer. 
What is eutrophication? What are its disadvantages?. 


All rights ave tenexwerd orite Our SINH TEXTBOOK BOARD, JAMSHORZO 
oid Teutonck Board, jacmiuec and prewribed by te Boards of 
Erfucaton, Karacte, Hyderabad Mirper kkas, Lerten and Soio 


Prepared by he Sidr 


lntermediate ard Greco 


rarmwed by the Natiorsal Review Cc 
Approved by the Liiretry of Education, (Carricubem Wong), biamated 
Vide its letter New, F 3-2/2004-Sc. dated August 7, 24 


Hello! | am ILMI. | do homework with you, listen to your interesting 
stories and resolve your problems. Send me an SMS. 


TEXT 


SMS ‘ILM’ + MESSAGE TO 8398 
- yA - — f 
E -7 A pi a 
Date of Publication Quantity 
. May 2017 20000 
IH y EA ey 


~ 


